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PREFACE 
This Professional Guide is one of a series of technical 
publications prepared under the direction of the Office of Civi l 
Defense. The purpose of the Office of Civil Defense Technical 
Publications Program is to assist architects and engineers in the 
planning and design of structures that contain protective features. 
This publication was prepared for the Department of 
Defense, Office of Civil Defe;n.se, by the -Small Homes Council ~ 
Building lteseareh Council of the University of Illinois ~ Rudard 
A. Jones, Director; Brian J. Crumlish , Principal I nves tigator and 
Author. Members of the ~taff of the Small Homes Council ~ Building 
Researcli Council, along wifh certain members of the University of 
Illinois Department Civil Engineeri~g, assisted in the investigation. 
This publication is presented as an interim edition to 
meet the immediate need of . architects and engineers , and to allow 
the professions to contribute their experience for aonsideration 
in preparation of the final version. Comments should be sent 
directly to the Protective Structures Division , Office of Civil 
Defense . 
The Technical Publications Program consists of five 
categories: 
Professional Manuals present the technology of 
design and review for protection against weapons effects . 
. Professional Guides orient this technology to the 
incQrporation of - protective features into normal use 
structures, such as : schools, apartment buildings , 
industrial plants . 
Technical Memoranda. present subject s not of suffi~ 
cient scope to warrant presentation as a manual or guide . 
These generally consis t of performance requirements for 
shelters and shelter components . 
. Design Studies present , in general outline form, 
suggested designs for incorporating protective features 
intd normal use structures. 
PREFACE ~ (Continued) 
Engineering Ca s e Stud ies are engineering report s 
on the design and co n s truction of specific projec t s . 
Lis t ing of publications now avai l ab le are included on the ins ide 
covers of this guide . Re ques t for cop ies should b e made on 
company letterhead to the Protective Struct ures Division , Office 
of Ci vil Defense , Washing t on 2 5 , D. C., or to Regional Offices 
l i s t ed in Appendix C. 
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;INTRODUCTION 
Th e n umbe r of favorabl e poi n ts of cur r e n t p a rk i ng garage con~ 
struct ion , wi t h resp e c t t o na t ura l r esista nce t o t h e effec t s of 
a nuc lea r detonation ~ indicate s that t hi.s typ e o f s tructure 
de serve s special consid~rat ion as a p r otect ive s tructure. 
A building t ype int roduce d t o Ame rican c i ties onl y a few decade s 
ag o , t h e parking garage now rep r e s e n t s a s ign ifi c an t p erc e n t age 
of new downtown cons t ruction ; and as t h e p op ulari.ty of automo~ 
b i l e t ravel continue s to ri se , t h e n eed for mor p arking faci l ities 
nat urally follows . 
By dema nd , the parking f a c i l i ties , ea~ily accessible t o t h e main 
t raffic ar t eries of the u r ban area , are as close a s e conomica l l y 
possible to the center of the working p op ulat i.on and the s h opp i ng 
a r eas of t he large metropol i s e s --area s where p e opl e a r e at some 
d i stance from their home or n eighborhood she l ters . 
Th e se structures, even on only a sup erflcia l e xaminat ion " reveal 
inhe rent characteris t ics highly d e s irable for a p r otec t i .v e s t ruc~ 
tur e . In planning layout , t h e wide r amp i ng s y s tem d e. sJ.gn ed for 
t h e r apid and convenient d is t r i b u t ion of aut omob1les p r ov ides easy ~ 
generous access to a mass moveme n t f p e op l e; ' h e rel at ive op e nness 
of t he plan allows a hi.gh degree of flexibility in arranging s p a c e 
i n emergency condi t ions . I n cons ruction ~ .h e s tructure is fre -
quently both fire resis tive and of a massive cons truction de sirable 
for r adia t ion at t enuation . 
It should be noted at t h e b eginning ·.h at ~omplete p r o te e t i .on 
agains t all nuclear effec t s ~s imp ossible" However 9 certai.n 
de g r ees of resistance t o e a ch effect can b e dev e l op e d . 
Th e p r ime objective in a good she l ter p r ogram i s t o p r otecT; the 
populat ion ; As a shelter f o r ci t ize ns :: a gar age u ti l i zi ng t. h e 
pri ncipl e s of mass a nd geometry shieldipg c ould reduce the hazards 
o f radioactive fallout t o t h e she l ter o c c upant s ; :i.ncreas e d struc~ 
tural resistance and specia l at ten t ion t o t h e detailing o f op enings 
c ould reduce the dangerous effe c t s o f t h e bl a st and h e rma l waves o 
Ano t h e r objective of the us e o f more protective s tru ctures is t o 
l es sen t he burden of cons truction on t h e e conomy 1n a p e riod of 
cri s i s . The erection of s t r u c t ure s wi t h a capacl. ty · o wi ·t h stand 
the rmal and blast e f f e c t s would ~ in emerg e n cy conditions ~ no t only 
p r ov i de a shelter during p eriods o f high r adi o a c t ive f a llout, b u t 
woul d also provide temporary quar t e r s i n t h e e v e n t of destruction 
of o f fice s or residence s . Eve n t ually , o f cour s e , i t is ready to 
serve its peace t ime us e a g a in , whe n t h e emergen c y s itu at ion has 
passe d . In any case , a tt enti on should not b e li mited t o s t ruc t ural 
part s ; t he mechanical sys tems should also b e d e sig n e d f o r as n e arl y 
a n ef f i cient continuous f unction as p ossible . 
The addit ional objecti.v e o f p res e r v 1ng material goods will also 
assis t in relieving t h e b urd e n on the e conomy. P r o tect ion of g oods 
stored in a structure would nqt be a primary consideratibn in the 
design of a parking garage , but the availability of some vehicles 
in an emergency period would b e · an addi.tional b e nefit . If the 
structure is to serve as a fallout shelter or emergency housing 
area, certai.n emergency goods must be stored and a ·:· ention: given 
to their protection . For example , the slee ping and food suppLies 
must be protected from the possibility of ignition from thermal 
radiation, from devastation by blast pressures and from contamin-
ation by radioactive fallout . 
Many of t ne problems to be solved are similar t o ' hose of other 
structures and they will no t be dealt wi. th i.n detail. The gener~l 
emphasis in this Guide will b e those problems that will be en= 
countered particularly when desigping a parking garage w1th pro-
tective features. In addi ion to those protective features which 
mu'St be incorporated in the original construction ~ the designer 
should be aware of th~ temporary requirements that may be taken 
duri.ng emergency condi.tions . His des]gn could make adaptation of 
them fa~ter, mdre economical and efficj.ent . Wherever possible ~ 
hasty measures (those accompl.i.shed in a few hours ), expedlent 
measures (those requiring a day or so of pr e p ara · ion); and impro~ 
vised me~sures (thqse involving a week or so of construction) will 
be poi.nted out . 
The establishment of exact des~,gn criteria is not the purpose of 
this Guide , The intensity of all nuclear effects on a s ructure 
varies independently--depending on dls tance from the detonati.on j 
the height and magnitude of the explosion, atmospheric and geo-
graphic conditions and so forth , A b rief description of the 
phenomena accompanying a nuclear detonati.on has b een prepared by 
the Office of Civil Defense and is included l.n the app e ndi.x , 
Specific loadings or intensi ti.es as establ1.shed by OCD such at 5 
and 25 psi resistance qualifying as "limited" a nd "blast" p r o tec-
tiqn, and a minimum protection fac or of one hundred for fa llout 
are not necessarily implied in he examples , In some cases the 
expense or complications involved wi.ll not allow the attatnment of 
these criteria; yet some p ercentage may be provi.ded , ln o t her 
cases, higher degrees o~ p r otection may be gained at a very moder-
ate expense, 
Garage structures are frequen t l y limited to m.ini.mum budgets " 
Throughout this Guide ,, pro tective features are carefully consldered 
for their effect on both t he economical and efficient op erati on of 
the structure in its peacetime funct1on to store automob i.les a s 
compared to the advantages gained in its alt e rna e use as a p r o-
tective structure , 
Certain garage types are inherentl y be tter suited for protective 
structures; other types will require the incorporation of special 
protective measures . In all cases , inclusion of some p r otecti.ve 
features should nonetheless be investigated . 
The discussion of cost is kep t in a relative nature on each fea t ure 
and a detailed cost analysis is no t included . As an example of 
cost analysis, the designer should refer t o the design studies and 
engineering case studies (OCD DSG 35 series ) " 
The general · emphasis of this Guide is t o d iscuss ideas which the 
architect or engineer may or may not accept in his de sign of a 
parking garage structure . It is hoped these ideas will furnish 
sufficient background to the de signer so that he is be tter able to 
determine the amount and type of protection he may wish to incor~ 
porate into a structure . 
CHAPTER I 
TH~ PARKING GARAGE 
1 - l General 
This cn,apter discusses the demand for parking space as related 
to city planning, populati-on densi ties , location and the basic 
types of parking structures emerging from the. de mand . 
l-2 The Parking Garage and the City 
l-2 . 1 Par~ing Demand and City Size 
The p~rking garage is essentially a planning d evice used 
to concentrate the storage of automobiles in areas of heavy traffic 
generators. This type of structure occurs mos t frequent l y in areas 
where land costs are high . The major pur pose o f this s tructure , 
accommodating the storage of automobiles ~ is not t o shelter vehicle s 
but to gain maximum use from the l and . - The storage capaci ty of an 
expensive parcel of lari.d can b e increased as much as ten times by 
the use of multi--level garages ; a dual use of the l and may b e .accom-
plished by combining a parking garage with anothe r more p r ofi table 
type of structure ; or the land is freed as open space when an under-
ground garage is built . 
In small cities where the cost of l and is low , t he areas of 
de nse trafftc are frequentl y limited to the vicinity of such genera-
tors as shopping ~enters and small businesses . Adequate parking 
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space is usually available at curb p arking i .n towns less than 
10,000 inhabitants with the growth of a city ~ however 9 the street 
pattern seldom changes and the amount of curb parki.ng consequently 
does not increase. Off-street parki.ng spaces begin to app ear as the 
city grows but rarely do economic factors demand parking garages 
before the city :r;-eaches a popula ion in the neighbor hood of 100,000. 
The parking garage is a phenomena of large ci.ties. Rarely is a new 
structure added to the urban scene without some measurable impact 
on traffi.c and parking probl ems . 
The area devoted to automobiles for parking in a new proj ect 
depends upon the nature of · he project. This area often e quals or 
exceeds the area assigned to the major function of the project . In 
residential projects such as pr1vate homes ) a partment s , hotels and 
motels , space for one or wo cars per uni.t i.s customari.ly provided. 
Stores and offices require one parking space for every 200 to 400 
square feet of leasable floor space . In places of assembly such 
as theaters, auditoriums and churches ~ the area required for park~ 
ing frequently exceeds t h e ne t area of the assembly structure . 
1-2.2 Parking as Part of a Coordinated Plan 
Many new structures are v however ~ erected without regard to 
the parking demands or traf~ic p attern. Retail merchants are not 
financially able to construct parkj.ng structure s . Al ternatively , 
space must be provided in privately erected and operated garages or 
responsibility must be assumed by t he city government~ Where private 
garages are constructed , they are seldom established wi.th respect 
to the traffic pattern. More often than no t these garages are 
erected on low cost land inconvenient to both the major traffic 
arteries and the ul ti.mate des tination o :f the p ublic using the 
facility. Cities are becoming tncreasi.ngly more aware of this 
problem and are placing less reliance on p rivate parking interests 
to assist in solving the crisis. 
Another major factor affecting the parking pat t ern is t he 
expansion of the rapid transit faciliti.es of a ci · y. The direct 
effect of an efficient rapid transit system ts the diversion of 
automobile traffic from the center of the metropolts. Consequently, 
parking spaces must be provided in the fringe areas convenient to 
the origins of the service. 
In order to achieve maximum efficiency ~ the planni.ng a nd 
control of parking should be coordinated with the traffic layout , 
the land use and the rapid transit design . This can b e best accom~ 
pl.ished if these duties are assumed by a plann1ng organization of 
the city. In addition, it seems reasonable to assume t he plan-
ning of a city should be concerned with problems of shel eri.ng the 
ci.tizens from an enemy attack. If a parking structure is used for 
shelter ? Ctvil Defense activities can be coordinated with the 
traffic design by the planning departments. 
The principal problem i.n establi.shing a coordi.nated parking 
plan is usually the acquisi tion of land . Private ownership 
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occasionally finds the solution is provi.ded by the demoli.ti.on of 
older buildings -where the tax on structures makes it more profit-
able to conVert land into vacant sites available for parking. In 
the cases of city governme n t p ark1 ng programs 9 .it is not uncommon 
for the city to condemn the land ~ build the park.ing structure and 
then to fi.nally lease the facil.i ties - o private operators " 
As the need for parking increases in the heart of the city , 
the land available becomes increasingly scarce . Within the central 
business district , densities are high and the land preci ous . This 
is the hub of commercial activit1es of the urban area-~a consol :i.da-
tion of offices and retail shops frequently surrounded by a ring of 
light manufacturing. 
The area generally referred to as the core of the central 
business district ~ where densities and land costs are highest , 
occupies about a fourth of the central business district. It is 
t he destination of the majori ty of shoppers and workers , but un~ 
fortunately contributes only a small :fraction of the parking facil~ 
ities at the present time. The p attern of growth 1n the core , en~ 
couraged by high land values , h as been towards taller buildings 
which in turn generate more traffic. This traffic eventually forces 
the elimination of curb parking and the high land values icrease 
the difficulty of providing off-street parking . 
1~2.3 Parking Structures as Part of New Projects 
This intense problem has produced: many crea~1ve solutions. 
Interesting architectural solutioQs are being e r e c ted a s a n aid to 
eliminate the congestion of t raffic a nd p a rking . As a r esult of 
planning studies, most l a rge ci t ies are programming enor mous park-
ing facilities in the very h e ar t of t he ci t y , c onve nie n t ly located 
for shoppers and workers . Private interes t s have a lso provided 
excellent examples of struct ure s whi.ch include bui l t= in par king 
among their client attracting facili. t ies . The sche me s are wort h 
examination not only as good a r chi tecture a nd a s solutions to t h e 
p~rking problem but also for h e poten t ial t hey hold a s a .signifi-
cant element in a fallout shel ter progra m. 
Among the various solutions p r op o s ed t o p rovide p arki.ng wi t hin 
the core, the scheme under considerat ion i n t h e Seatt l e plan which 
proposes a dramatic pede s tr i a n pl at form cover ing t we n ty blocks , is 
an excellent example of a v ery well p r o te c ted area ava1lable to 
thousands of people. The unob trusive parki.ng ~ c oncealed in several 
layers below the surface of t h e pla z a , returns a dignified aspect 
to a city threatened by t h e bli.ght of a utomob i l e p arking . Similarly , 
in Penn Center in Philadelphia , t he a u t omobil e i.s sk i llfully re-
stricted from the scene . Here wi t hin t he b r oa d open esplanade s of 
the center a complex t ransporta t ion innovat ion i. s incl uded . All 
modes of transportation come t ogether in a s ingl e s r u cture which 
also houses six decks of p arking t o s e rve t h e a rea . In Roches ter ~ 
the project of revi t a li.z i ng the core of t h e c i t y p r c;>v i de s for a 
three-story parki.ng gar age bui l b e low gra de with r a mps li.nked to 
a surroundin~: liiilc road and an e i_ght.e...en.._story t ower wi. th banks , 
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stores, off~~es, restaurant and hotel spa~e . 
Though somewhat smaller in size, the parl<.ing innovatJ.ons p ro-
vided by private enterprise are nonetheless imaginative . Private 
parking garages are not uncommon in the central business di.stricts 
as part of office buildings , a partments, and hotels. 
In Chicago, twin towers containing almost nine hundred dwell = 
ing units have a parking space for each unit on a continuous spiral 
ramp system on the lower sixteen floors. In many large cities co~ 
op and high-rise apartment buildings have ramped underground parking 
garages. 
Office building solutions have used a variety of schemes to 
provide parking in order to attract clients . A new skyscraper in 
Montreal is superimposed on a marble paved multi-level base which 
houses over two thousand cars . An office building in Kansas City 
has provided parking for its tenants with a five level above ground 
structure joined to the office building by a p edestrian brl.dge . In 
New Orleans, where the water tabl e is near the ground surface , an 
elevated plaza sc::reens an "undergr ound" parking garage. 
As a very .active area of construction , Urban Renewal also 
furnishes many examples of interesting parking structures . Many 
cities are in fact utilizing renewal schemes as a means of providing 
some relief to the parking problem of the city . Expansive parking 
facilities within a project close to the business district serve 
both the inhabitants of the area and tqe people in the outlying 
areas expected to use them when in town on business or shopping. 
At LaFayette ·Park in Detroit, a multi-level parking structure 
has been constructed between two 22 story apartment buildings. 
Appearing as a brick-walled horizontal slab, topped by a terrace 
and swimm~ng pool for the 300 families, the structure conceals 
370 cars. 
In the new Carl Sandburg Village in Chicago ~ no traffic pen-
etrates into the new housing and shopping center and all parking 
is underground. The considerable extra expense was justified by 
the creation of an atmosphere of quiet . 
The areas surrounding cities provide fewer examples of park-
ing structures. Parking garages in fringe areas are not generally 
successful ~s shoppers or businessmen prefer to pay a little more 
to park within walking distance of their destination . Of course, 
many housing developments provide enclosed parking facilities, but 
in general parking lots are sufficient . 
In suburban areas large concentrations of cars occur at shop~ 
ping centers; but without the pressure .of high land costs~ parki~g 
is usually ~llowed to cover the landscape and rarely is it housed 
in parking garages. The chief motive for housing automobiles in 
the suburbs is not land conservation but aesthetics . 
A noteworthy example, which also testifies to the ubiquity of 
the parking garage structqre , is an office building standing alone 
on a rolling 100 acre site in Connecticut. The el e vat ed square 
doughnut of offices surrounds a covered ground floor garage. The 
roof of the garage forms a landscaped entrance court . The solution 
solves the vexing problem of what to do w:;ith employee cars in a 
rural setting. With the building raised above the ground 9 cars can 
be parked underneath it , minimizing walking d i stance a nd providing 
shelter from rain for employees or visi.tors leaving their cars in 
bad weather. Unsightly parking fields ara el i mi nated so that panor-
amic views from inside the building , already e nhanced by elevation y 
are not interrupted by the usual sea of automobiles. 
1-3 Current Garage Construction 
1-3.1 General 
In such a rapidly changing field of design , generalization 
can be misleading; however, in order to make the guide most useful, 
some attempt qas been made to determine which garage characteristics 
are most common current construction or promise to become so . Dim-
ensional layout of a structures ~ for example , are greatly modified 
b~ structural innovation and by the cons t antly changing dimensions 
of the automobile~ · Area requirements refl e cting t h e se standards 
may be valid for only a few years . 
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1-3.2 Garage ·Types 
Current garage construction may be classified by the method 
of management, location within the struct ure or method of inter-
floor travel. Of these y the location of the parking facilities in 
the structure has the most in~luence on the effectiveness of the 
i 
garage as a spelter, but the management and vertical circulation 
system have an influence on the usefulness of t4e structure as a 
shelter . 
Type of management refl~cts both in the amount of space ·devoted 
to other uses and in the location of the structure , These factors 
may in turn influence the usefulness of the structure in a Civil 
Defense program. 
If the garage is exclusively a commer~ial enterprise , privately 
owned and operated, it is unlikely, as previously pointed out 3 to 
be placed in a location determined by the community planning organ~ 
ization. This does not mean it cannot be utilized for shel ter 
purposes but only that its location may not be the mos t desirable . 
Since commercial garages most probably charge fees on hourly ~ daily , 
weekly or monthly basis--the main floor will have enclosed areas 
devoted to offices and customer facilit1es . Frequently prime space 
on the ·main level is leased to another income produci.ng facility. 
A municipally planned parking facility erected by the city 
may be either city operated or leased to a private p arty. When 
operated by the city it may or may not charge a fee, but it is al-
most always a self parking facility . When operated privately, it 
may or may not be a self parking facility, but fees are generally 
charged. 
A P+ivate parking garage is that type usually used in connec-
tion with another building function and provided for the convenience 
of the tenants. Usually the client parks his own vehicle and 
parking fees are usually included as part of the rent for the office 
or dwelling unit. 
Parking facilities are also classified with respect to location 
in a building. The most representative structure of a commercially 
operated garage used solely for parking is the above ground struc-
ture. · This is usually a multi-level structure and may be either an 
open air or closed type . 
. The open air structure is less vulnerable to blast pressures 
as a result of its open construction but offers the occupants less 
protection to thermal radiation and fallout than the blast vulner-
able enclosed structure. As an above ground structure that is most 
likely to remain standing within the destructive area of blast 
pressure, the open air garage could best serve as a fallout shelter 
available to the occupants of nearby blast shelters . 
Above ground garages are the most common type and in the im-
mediat~ future probably will continue to represent the majority of 
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parking garages. Unfortunately , the ope n air type possessing the 
. fewest protective features is the most popular . Almost no above 
ground enclosed garages are being constructe d e xcept as . integral 
types where the parking is 'enveloped br ap office building or hotel. 
The enclosed type could be developed into an exce llent shelter . 
It cannot be expected that the expens e inv olve d for massive 
exterior walls, forced ventilation and lighting will be me t without 
some incentive. This type of structure perhaps wi.ll b e built in 
those locations where the prime motivation i s t o b ui ld a shelter 
with an alternate use as a parking garage " 
. The below ground garage structure has no operating advantage 
over the above ground structur e . In addition t o requiring more 
light and ventilation , cons t ruc t ion costs below ground of a struc-
ture of ·this type usually exce ed that of above g r ound . As a con~ 
sequence, this type of solution is used only .where underground 
space can be easily and cheaply acquire d . The ma in advantage to 
using this design is that the ground surface i s open for its 
original use and the cost of the land ma y be conside red free . The 
below ground structure combines the protective advantages of the 
least vulnerability to blast along with the bes t t h e rmal and ra~ 
d~ation protection. It is uniquely qualified as a she lter . 
Examples of the comple t ely underground typ e occur in large 
cities-~usually under public s~ace . The most common type of gar age 
privately unqerground owneq is that located basement space of ~n 
office or ap~rtme~t building . 
A combination of both -above and ~elow ground parking is 
occasionall~ used. Because this usually requires t wo sets of ramps 
on the main floor (dependipg on the method of ramping) combination 
schem~s are npt u~ually economical . Under emergency conditions, 
the below ground portion could serve ~s a blast shelter ~nd the 
above ground floors later as a fallout shelter . 
Whenever the ·st;ructure is adjacent to a sloping street, 
direct access is used for all f~oors . Thus , on a sloping site , 
above ground and below ground space is accomplished without · the 
use of interior ramps since the ptructure may be entered at several 
levels. Cost$ can be kept low because by the usual code definitions 
the structure is open-~ir apd no mech~nical ventilation is required. 
An integral structu,re includes provision for parking within 
a struc~ury :i-ntended for ot)J.er purposes . This is rapidly becoming 
popular in office, hotel and .apartment str~ctures . There are posi-
tive advantages for this type of structure as a shelter . When the 
par~ing -is enveloped within anot her structure ~ t he shelter area 
gains in protection from the surrounding walls . There is also con-
venience to ~ll · the utilities of adjacent structure . 
1-3.3 Interfloor Travel 
vertrca:L eire:u.Lat"±on within the - s-tructure may be either by 
ramps or elevators . If ramps are used 1 considerable space is taken 
by them on each level , Though this limits ·the usable space for 
parking, the ramps may be used for sh,elter space since their slopes 
are low. The fact that the ramps demand a large building is an ad-
vantage to this type for shelte r considerations. The minimum size 
garage that can .be designed with ramps is approximately 110' x 160' . 
In this design, however ~ over two~thirds of the area is taken by 
·ramps--a very uneconomical ratl.o of circulation space t o storage . 
. The larger the lot, the more economical a ' ramping system becomes. 
A garage . using .an elevator for vertical circulation re-
~uires only about twenty-five per cent of the area to be devoted 
to elevating devices . The structure can be placed on minimum lot 
widtns as narrow as twenty-four feet if th,ere is access on two sides. 
This type is most suited for very costly sites o The relative open-
ness and typical narrowness of a building using elevator parking 
. us~ally eliminates this type as one suited for shelter purposes. 
The ramping systems that may be adopted in a ramped garage 
are numerous and the . selection s·hould be .based primarily on the 
proportions and space availableo Ease of construction y area re-
quired , number and sharpness of turns » length .of path of travel, 
separa ti.on of traffic and numerous other advantages or disadvan-
tages of the vari.ous ramping methods has little i .nfluence on the 
protection afforded by the t:>truc t urt. The openings into t he ramp-
ing system are the only criti~al c onsiderations . 
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1-3 . 4 Size 
Parking capacity of structures varies with the facility 
associated with the garage . However , even the small garages have 
a large shelter capacity if t he structure is of p r otective con-
s t ruction . 
Ramped structures usually do not exceed about five stories 
in height above grade for commercial installations since additional 
stories require critical trave l t ime regarded as an inconvenience 
to the customer. Eight is the approximate limi.t in story height 
and two » of course , the minimum . With respect t o the radiation 
protection, the taller s t ruct ures are preferable since they offer 
greater overhead mass shielding and more area for shelter purposes. 
l-3 . 5 Auxiliary Facilities 
Private garages have few , if any facilities within the 
parki.ng areas . Commercial garages usually i .nclude facilities for 
t h e convenience of qus t omers , but these are limited to the ground 
floor . About half of the garages now being built include some 
rentable space on the street l e vel with the remainder of this level 
accommodating circulation , administration and t emporary storage 
space . parking space is negligible on the g r ound floor in most 
designs . The ground level of inte gral structures is usually used 
for lobbies or terraces . The o t her floor levels a re t ypically open 
space , uninterrupted exce p t b y v e rtical circulat ion elements. 
The space therefore generally avai.lal;>le for · shel tar wl.ll 
be open with no definition of smaller areas. · Auxi.li. ~;ry features 
located on the main floor generally are not tiseful because they 
will not have a high degree of protection . 
1-3 . 6 Structure 
Although , for flexi.b.ility ~ long spans are recommended for 
parking garages , the majority of the commercial garages built use 
a structural grid varyi.ng from twenty to thir t y feet sq'Uare . This 
bay --si.ze is based on an economical structural span moqified by the 
stall layout, angle of parking and circula ion system using the 
current car dimension . Reinforced concrete is principally used for 
the structural system but precast shapes are gaini.ng in popularity . 
Exposed structural steel i.s generally limited in application to 
open~ air eleva t or structures where local code permits i. ts u,se. In 
parking garages located beneath other buildings , the structural bay 
is frequently a projection of the bay si.ze selected for the super-
struc ture . 
The reinforced concre· e structure commonly used i.s pref ·~ 
erable for radiation shielding because of its mass . Long spans, 
however , should be minimized because of structural behavior under 
blast loadings . Precast sections will require ·additional expense 
to achieve continuity over joint s . 
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CHAPTER II 
DESIGN s ·rANDARDS OF THE GARAGE STRUCTURE 
2-1 General 
The successful design for a parking garage incorporating 
protective features involves the satisfactory solution of several 
design criteria . For the peacetime use of the structure the 
architectural solution must solve the approach , the manuvering 2 
the parking and the storing ~f vehicles $ as well as the special 
facilities required for the employees and the customers . This 
must be solved in a manner which does not endanger the health 
or the safety of the public in a manner as outlined py the build-
ing codes . In addition the new criteria demanded for resistance 
to nuclear effects must be included in the design . 
The following ebapter summarizes briefly these design 
requirements ftnd comments on those whi ch have some bearing on 
the usefulness of the structure . as a shelter . 
2-2 Garage Criteria 
2-2.1 Ma1n Floor Requirements 
The main floor of any parking garage ~ whether it is a 
commercial or private facility is devoted to , at least partially 2 
the requirements of receiving and d~spatching the vehicles since 
the entrances and exits of the structure penetrate at this level. 
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These entrances are laid out on .Principles similar to t hose 
applied to intersection design ; that is ~ they are designed so 
that the cars may enter and leave the garage either at a right 
angle to the traffic or be able to merge with the traffic. They 
are designed for relatively low speed operation admitting cars 
easily without any danger of collision and with clear sight lines 
for both traffic and pedestrians . Entrances should be located 
as far as possible from street intersections . Double or even 
triple lanes are preferred with each lane at least twelve feet 
wide . 
Width requirements of lanes ideally suit the garage 
entrances to the mass movement of people . As discussed later 
a merging type of exit may be a better solution for blast 
resistance . It should also be noted that the clear site lines 
requirement will automatically eliminate certain areas as fallout 
shelter areas. 
Immediately after entering the garage ~ a larg e space or 
reservoir area should be p rovided t'o absorb peak in-bound traffic, 
and a place of temporary storage . The extent of this area depends 
upon the type of garage planned . If it is to be a self parking 
facility the cars will move throug~ the area rapidly and only a 
small space need be provided for distribution of tickets. I n a 
commercial garage with attendant parking the size of the reservoir~ 
which in most cases exceeds spac e for ten cars , is dependent upon 
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the calculated rate of car arrival in the peak parking period , 
the average time for parking and the number of parking attendants. 
In laying out the reservoir area , the design solution should con= 
veniently form a transition between the entrance and ramps. If 
the driver leaves his car here, the area should be designed for 
pedestrians to circulate safely_ and it should be convenient 
to the customer facilities . 
If the garage is a commercial ype are located on the 
main floor adjacent to th~ reservoir area fac ilities which 
require public contact . Because of the commercial value of 
this space they are kept to a minimum . The cashiers booth , for 
example ~ should be as small as practicable-issuing tickets and 
collecting fees while bookkeeping and personnel administration 
should be housed in less valuable space . Public telephone~~ 
restrooms and check rooms and essential customer facilities as 
well as some optional facilities such as manager's office ~ 
service and repair and sales are also located on the main floor . 
This reservoir space which serves as a registration 
point for motorists could very easily serve this function also 
in a shelter . Located adjacent to · the office and waiting facili -
ties and of a large area, it could be a useful area in processing 
the entering shelter occupants . The typic@l arrangement of placing 
these facilities on the ground floor should be reconsidered if 
the structures are to serve as a fallout shelter .. Ramping down 
a level before entering this ' area could bri.ng it; within the 
shelter area. This would lessen the number of leasable car 
stalls but would inc rease th~ ~entable ground floor space. 
From the reservoir area ~ the flow of the raffic leads 
directly 1:0 the ramps . The ramp location is primarily determined 
by the layout of the storage floors '. It should b e designed so 
that termination on storage floors will permi t efficient parking 
and travel arrangement . On the main floor development of maxi -
mum reservoir spac e would ideally place the ramps at a maximum 
distance from the entrance . For both effic1ency and · ease of 
travel ramps should have grades between ten and fifteen percent . 
A twenty percent grade is permissible for short ramps such as 
those used between staggered floors . All ramps should be eased 
to six percent grade at both the head and foot . Width of ramps 
should be ten feet per lane and dividing strips between lanes 
should be eighteen inches . 
Of the many ramping systems available preferenc e should 
b.e given to separate ramps for the t¥_/O direct ions of travel 
rather than combining the two . During . the critic al time of 
ent~ring the shelter a single lane would still be sufficient 
to handle the mass movement . Then , if it 1~ decided to evacuate 
automobiles ~ c onfusion and even pani c may be avoided by having 
separate and dis inct lanes foT t he outgoing cars and the 
incoming shelterees . 
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2-2 . 2 Storage Floors 
The principles of layout of a storage floor are evolved 
from the basic units of design : the car s tall and the access 
aisle . The ideal layout of a floor is a maximum number of 
spaces with a minimum interference and restriction to c ar 
movement . 
With the constant change in automobile sizes, the stall 
size also changes . Currently an eighteen foot length will 
accommodate 95% of all cars . Six and a half feet of car width 
with one foot of clearance on bo t h sides for movement are 
minimum stall widths . Eight feet is used i n commercial parking 
garages where the attendant p arks the vehicle and eight and a 
·half feet where the owner p arks his own vehicle in either a 
commerical or private garage . 
Parking angles vary from 30 to 90 degrees. Ninety 
degrees is generally the most economical for a number of reasons . 
It is easier to coordinate the layout with the structural grid~ 
the access aisles can be used for · two-way movement ~ and dead-end 
aisles can be employed . Aisle widths are dependent upon the 
direction and angle of parking and the turning radius of the 
vehicles. 
The total area per auto depends upon stall width used , 
angle of parking and whether head in or back in parking is 
used . For example, an 8 '-6 "' ~ 30° h.ead in stall requires 363 
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square feet per stall and aisle as c ompared to 240 square feet 
for an 8 ' -0 1 ' 90° , back in stall " . For preliminary design purposes~ 
300 square feet per automobile is generally used o These figures 
do not include main circulation aisles " 
2-3 Building Codes 
2-3"1 Scope 
Building codes are prime instruments in the evolution 
of a building type " In a building t ype suc h as a parking 
garage , codes are a control ahct ' safeguard for the public where 
hazardous conditions could exist " The rat he r stri c t set of 
rules evolved for this building type has become the criteria for 
design rather than merely an ac c eptable minimum " - Some items 
required by codes will limit the construction to such a degree 
that the structure cannot effectively be used as a shelter 
unless protective measures of a temporary nature are planned o 
Almost all the large cities where parking garages are 
being built have published building codes. Stipulations set 
forth by them have been summarized -by the examination of three 
basic codes . 
The following codes were examined as representative of 
current code requirements : 
The National Building Code 
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The Basic Building Code of Building Offi c ials 
Conference of America 
The Uniform Building Code _ 
a-3 . 2 Definitions 
A parking gara~e is generally defined as a building or 
structure or a portion of a buil ding ip. whl. c h mot:or vehicles con= 
taining a flammable f~uid in its fuel storage tank are stored . 
It may be an enclosed or an open air stru ture . . An enclosed park-
ing garage means a garage having exterior closure walls and an : 
open air parking garage is defined by almost all codes as one 
having not less than 50% of two sides of the garage open to the 
air at each story, lf an enclosed parking garage is located in 
q story with one-half or more of its clear height below grade l.t 
is defined as a basement parking garage , 
A parking garage does no~ include any areas for motor 
vehicle ser~i ce or repair , and the parking of busses , trucks 
or similar vehicles is no~ pe~mitted . 
~-3 , 3 Adjoining Uses 
Unless the exterior walls are of fire resistant con~ 
struction and are without openings a parking garage mus t not 
be ~ocated adjacent to property lines . If the structure is an 
open-air type ~ any wall with openings must be at least fifteen 
feet from any line where another structure might be built . 
Open-air garages cannot be located within or attached to a 
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building used for any other purposes unless separated from 
the other use by fire resistant construction . 
2-3 . 4 Area and Height Limitations 
Requirements restricting height and area vary considerably 
among the codes . The codes are consistent in permitting unlimited 
height and area when fireproof construction i s used . In open air 
non-combustible construction, height limitation vary from five 
stories to eight stories and area limitations from l2y000 to 
30 , 000 square feet. Increases in both height and area are 
permitted by some codes if open air construction is used on the 
third and fourth sides of the structure or if a sprinkler system 
is added to the garage . 
2-3 . 5 Other Occupancies in the S tructure 
All codes prohibit any other occupancy within or attac hed 
to an enclosed parking garage unless separated by barriers of 
non- combustible material and unpierced by openings ex~ept doors 
equipped with self-closing devices . Smal l areas such as offices 
and salesrooms are permitted if they are constructed of a material 
resisting the passage of smoke ~ gas or odor . 
2-3.6 Structure and Materials 
Live loads in most codes are established at 100 pounds 
per square foot and no reduction is permitted of l ive loads in 
structures for parking motor vehicles . 
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The construction of enclosed garages must be of non-
combustible materials and open-air garages shall be of fire-
resistive cons ruction . . Codes further require that th~ floor 
surfaces shall be of non-combustible material without pits or 
depressions and shall be graded to drains . · on- absorbant ~ 
non-combustible materials such as concrete are required for 
floor finishes . Parking on roofs is limited to struc ures 
of fire-proof construction . Roof parking further requires 
parapets and wheel g~ards . Adequate curb and guard rails must 
be provided at openings in exterior walls in open air parking 
garages . 
When basements of public garages are used for purposes 
other than parking , access shall b e from t he outside only and 
the first floor construction mU,.st be fi re resistant and both 
water and vapor proof . 
2-3 . 7 Means of Egress , Stairs and Ramp s 
Only one exit way is required for eac h ~tory of a struc-
ture of fire proof construction . If t he structure is fire 
resistive construction , parking more than sixty vehicles per 
story or of less t han fire ~esistive construction and parking 
more than forty-five vehicles per story , two separate exit 
ways are required . If mechanical parking is used in an open-
air structure , only one exit way i g usua ly required for eac h 
floor . Ramps which are not considered as required exits need 
not be enclosed in garages of fire resistive construction, non-
combustible construction or in spri.nklered garages . 
2-3 , 8 Openings 
Where the exterior enclosing walls are omitted in an 
open-air structure , it is not permit ted to close , p artially or 
completely , the opening with glass or tarpaulins . Openings 
from garages into spaces for other occupancy are to be equipped 
with self-closing fire doors ~ 
2-3.9 Lifts 
I n an enclosed structure all verti c al shafts for ele-
vators or vents must be enclosed . In open parking garages ~ 
lifts used only to transport employees may be installed and 
these need not be enclosed except w1th a protective wire mesh . 
2-3 . 10 Heating and Ventilation 
In enclosed buildings used for parking automobiles 
operated under their own power , exhaust ventilation shall be 
provided sufficient to produce one complete change of air every 
15 minutes . Such exhaust ventilation shall be taken from a. point 
at or near the floor level . 
When garages are located below grade t hey must be 
ventilated by a mec hanical ventilating system with positive 
means for bo th inlet and exhaust . Requirements f or air changes 
can be as high as eight per hour . Mechanical ventilation may be 
2-1 0 
omitted in small parking areas ( 5000 s q u a re feet or approximately 
twelve cars) if the space has unobstructed openings to outer air 
sufficient to provide necessary ventilation . 
In those ~re~s of the strutture not used for storing 
automobiles such as the offices and waiting rooms , light and 
ventilation must be provided either naturally or artifi c ially . 
ln no case shall less than two change s of air per hour be provided. 
If the structure is enclosed and hea ted all heat genera-
ting plants except direct fired heaters mus t be loc ated in 
separate buildings or must be enclosed wi t hin t he struc ture 
with solid, water and vapor tight masonry . Entrance must be 
from the outside since no openings are permitted through the 
fire division, 
2-3 . 11 Fire Protection Equipment 
Sprinkler systems are required for enclosed garages ov~r 
65 feet high exceeding 10,000 square feet per floor if of fire 
resistive construction or 8 , 000 s quare feet per floor if of 
protected combustible construction . Open air garages over 65 
feet in height and exceeding 15 , 000 square feet per floor in 
area also require a sprinkler system. 
If the building is less than 75 feet a one source system 
may be used in buildings of which the upper stories are designed 
for other uses when the garage has a capac ity of more than twenty 
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automobiles . If a building is more than 75 feet high 1 a two-
source system is required . 
In addition to automatic fire-extinguishing systems 1 at 
each stair and lift opening on each parking level , a manual fire 
~xtinguisher must be installed . 
2-3.12 Toilets 
If both sexes are employed in the garage , there should 
be two toilet rooms located within the structure . The number 
of fixtures is dependent upon the number employed . Toilet 
facilities for the convenience of the customers is not required. 
four air changes per hour are required for oilet rooms . 
2-4 Nuclear Effects Resistance and Shelter Requirements 
2-4 ,1 Scope 
The previous sections discussed the design criteria of a 
parking garage intended for use under normal c onditions relative 
to their effect on a shelter structure . To these must be added 
the specific design criteria for resistance to nuclear effects 
and the requirements of habitability if the structure is to serve 
as a shelter. Knowledge of the details that increase the 
effect~veness of the structure to withstand certain nuclear 
effects and to protect occupants can be used to take full 
advantage of all the inherent protection in the structure. 
At the beginning s the designer should decide how the 
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structure can best be used in emergenc y and then orient his improve-
ments towards that type of solution . Aside from the peacetime 
function as a parking garage , tbe building could serve in three 
different capacities during an emergency period : 
l) Designed to act as a shelter during the blast and 
thermal waves and also during the subsequent period of fallout--
in which case , all phases of nuclear effects must be considered. 
2) Designed to remain standing through the blast and 
thermal waves and only after this be utilize d for shelter purposes. 
3) Designed to serve as a fallout shel ter on the assump-
tion that the intensities of both the blast and thermal waves are 
~egligible. The attention given to various nuclear effects depends 
Qn which type of protection the building is intended to offer . 
Equal resistance to all nuclear effects cannot easily be established 
since the intensities of all nuclear phenomena vary independently. 
Certain assumptions must be made for each hazard and they can 
oest be examined independently. 
~-4 . 2 Thermal and Intensities and Fire Hazards 
Approximately one third of the energy released from a 
nuclear detonation is in the form thermal energy and travels 
outward in a straight line in all directions from the explo-
sion . Traveling at the speed of _l -ight it is the first effect 
to reach the area surrounding the target . The amount of the 
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energy received , the time period over whi oh i.t is applied ~ and 
the ignition point of the material receiving the energy will 
qetermine the probability of fires t hat may result . The danger 
from the thermal pulse is not directly related to t he possibility 
of blast and radiation effects , and , therefore , the designer 
should not attempt to estaplisn an exact amount o f energy that 
may be received on a given structure. These t hermal intensities 
received as a direct result of the thermal pulse are usually 
~ot sufficient to ca~se ignition of fire resistant struc t ures 
such .as parking garages . Instead , the chief danger results from 
the ignition of more flammable materials in t he neighborhood or 
in the interior of the structure . 
Indirectly , fire hazards a l s o exi st as a result of blast 
effects. A fire may be caus ed within a s t ruc ture that is otherwise 
isolated from flammable material as a result of elec trical short 
circuits or gas lines damaged by the blas t wave . 
It should be pointed out that thermal intens'i ties which 
~ight not cause severe damage to a struc ture c ould be extremely 
dangerous to occupants . Therefore , if t he s t ruc ture is intended 
as a shelter ~ special attention should b e given to shield the 
occupant s from the heat wave ~ This shield need not b~ massive , 
as any material which c asts a shadow will o.ffe r protection. 
Automobiles should also be shielded a s they c ould possibly 
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ignite as a result of exposure to the thermal wave . One of the 
main hazatds of the automobiles is the fabric upholstery . At 
tests in Nevada , thermal radiation ignited the upholstery and 
caused fire to spreaq in exposed automobiles. In addition , in 
a simulated parking lot , much of the damage to glass , paint, 
and interiors was due to fires c aused by thermal radiation. 
Gasoline tanks of the parked vehicles are not parti cularly 
vulnerable to direct ignition from the thermal pulse , as they 
~re shielded from exposure by the automobile bodies . 
The design of a structure less vulnerabl e to thermal and 
fire hazards may be summarized by the following design principles: 
Planning and material selection should be based on good 
fire prevention stanqards. 
The occupants and vehi c les should be shielded from 
exposure to the ther mal pulse . 
Materials that will not sustain combustion should be 
used on exposed surfaces of the exterior . 
Exposed flammable materials should be shielded. 
The structure should be isolated from . 6 t her elements 
that have low ignition points where possible . 
2-4.3 Blast Effects 
The rapid expansion of air caused by t h e high tempera-
tures of the detonation causes a front t o move outward from the 
explosion at approximately the speed of sound . This front will 
pass through the area surrounding the targe t shortly after the 
thermal pulse. The high pressure behind the shock front relative 
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to ambient pressure is referred to as overpressure and may be of 
· magnitude possessing ability to cause much structural damage. 
This overpressure , when striking on a surface results in a reflect-
ed overpressu:re . The overpressure is the~ amplified to a higher 
qegree varying with the angle of incidence between the shock 
front and the surface. Following the overpressure front ~s the 
dynamic pressure of the wind associated with the subsequent 
movement of air. Because the location of the garage relative 
to ground zero is unknown, the exact loading imposed upon the 
structure cannot be predicted . Accordingly design loads for 
~last analysis are usually establ~shed from an assumed value of 
peak overpressure . 
. The Sffects of blast loadings on a garage depend on 
numerous conditions, but chief_ among these is the position of 
the structure relative to the ground surface. 
In an above-ground enclosed structure ~ the difference 
in lateral loading resulting from the reflected overpressures 
on the front wall tends to move the entire structure because 
of the lack of equalizing pressure on the rear wall. Large 
buildings are more subject to this translational loading 
because of the time required to engulf the building. 
In an open type of above ground structure , however, the 
loadings by the overpressures, reflected overpressures and drag 
forces may be substantially reduced, The amount of reduction 
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depends primar ily on the percentage .of a r ea of the wall that is 
open and thereby permits the blast wave to pass through the 
structure . 
In an underground structure , the blas t i nduced forces 
experienced result from the surface overpressure wave passing 
over the structu re propagated through the soil. 
In addition , plan configuration and building o r ient ation 
have an influence on the amount of blast energy imparted to the 
structure . 
As in the case of thermal radiation , it should be mentioned 
that increasing the structural resistance o f a structure does not 
necessarily P+ovide blast protection to the occupants. Moderate 
structural resistance can be developed to resist 5 psi over-
pressure at moderate expense. Overpressures below this are not 
generally fatal, but at these pressure levels , secondary effects 
of blast are still quite hazardous . . At less than 1 psi , the 
sh~ttering of glass and flying debris present problems that 
must be considered if the structure is intended to protect 
occupants during the period immediately after a detonation. 
Automobiles and buses have been expos ed to several of 
the nuclear test explosions in Nevada, where the conditions , 
especially with respect to damage by fire and missiles , were 
somewhat different from an a c tual attack. In most cases it was 
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not primarily overpressure, but drag forces which produced damage 
to the vehicles. At a peak overpressure of five pounds per square 
inch, motor vehicles were badly battered, with their tops and 
sides pushed in, windows broken, and hoods blown open. However, 
the engines were still operable and the vehicles could be driven 
away after the explosion. 
In shelter design, the following certain principles 
will help increase the protection to blast effects: 
Protect occupants from flying debris and shattering 
glass. 
Protect occupants from hazardous p~essures. 
Select material that will insure ductile response. 
Design to achieve maximum continuity in the structural 
frame. 
Avoid. unnecessary frangible materials, projections, 
and fixtures. 
2-4.4 Nuclear Radiation 
The energy given off from an explosion in the form of 
quclear radiation may be either prompt or residual. Prompt 
radiation has a limited range and within the effected area 
has a high intensity and is very hazardous. The area covered by 
residual radiation in the form of radioactive fallout represents 
the largest area covered by an effect of a nuclear detonation. 
Hazardous levels of fallout can be expected in the downwind 
direction at distances up to several hundred miles - conside~ably 
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beyond the range . of hazardous thermal radiation and blast levels. 
Up wind, or in the case of an air burst , the hazards of residual 
radiation may be less critical than those of thermal radiation 
and blast . . Since the pattern is variable , the exact intensity 
cannot be predicted . The general practice is to assume a degree 
of protection and design the structure to that standard. 
None of the types of nuclear radiation emitted has notable 
effect on the physi cal characteristics of either the building 
material or the motor vehicles . Radioactivity does not. alter the 
structural properties or the appearanc e of the material exposed 
and the materials that attenuate radiation do not in turn become 
radioactive. However ~ all types of nuclear radiation resulting 
·from a nuclear detonation are harmful to human beings , though 
they cannot be sensed excep t in very high intensities. 
If the parking garage is to serve as a fallout shelter p 
certain design principles providing protection against radiation 
should be incorporated into the design . Protect ion may be 
accomplished by placing a shield be tween t h e source and those 
to be sheltered , or by reducing the intensity of the contribu-
ting source. Protection using a shield may b e acc omplished either 
by the use of geometry or a b arrier . . A comple~e description of 
the method of analysis of the two types of shielding is given in 
the Professional Manual 100 .1 "Design and Review of Structures 
for Protection From Fallout Gamma Radiat ion". 
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Geometry shielding is protection offered due t o di stance 
from t he source. The dose decreases with distan c e in a relation-
ship dependent upo n t wo factors. First s there is a decrease due 
to the spread over l arger areas as the radiator travels a nd t hen 
there is the absorption and scattering o f the rays by t he inter-
vening atmosphere . To take adv antage of geometry shielding » the 
designer should select a shelter location with maximum dist a n c e 
l 
from the source of contami nation . The c entral areas of a struc~ 
ture are at a maximum distance from the ground contribution ; and ~ 
the lowest levels are a maximum dis tance from overhead con tri-
butions. In mul ti-level structu res , suc h as some parking 
structures » intermediate floors offer better shelter area. 
Located several levels below the overhead contribution they are 
still several levels above t he neighboring ground con tribut ion. 
Barrier protection is achi.e ved b y a ppli c ation of the prin-
ciple that rays are absorbed or attenuated in the c ourse of 
their passage through any material . De c rease in radiation 
intensity is depende n t upon the mass of the material between t he 
sourc e and t he point of o b servation. A sub stance of low de nsi t y 
requires a greater thi ckness than ·one of a high density . To 
take advantage of barrier shi.elding ~ the deslgner should select 
massive material s in preference to ligh er weight ones where 
economi c ally f easible and the massive materials shoul d be 
utilized to define t he shelter area . 
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Withou t altering the prot~ction factors ~ t h e amount o f 
radiation received in a protected area may b e substantially 
.reduced by partial removal of the f allout material in the area 
surrounding the shelter . Natural removal of t h e fallout material 
by wind or rain can be encouraged by util l. zing details and plan-
ning devi c es whi c h will make dec ontamination of the area easier; 
but they should not be expected to b e completely e ffect ive. One 
principle to follow to make decontamination easJ.er would b e to 
use smooth finished materials on both verti c al a nd h6rizontal 
surfaces . . Equally important would b e to avoi d desi gns t h at may 
trap fallout in critical areas . Decontamin ation by hosing or 
sprinkling would require l arg e quantities of water that may be 
in critical supply and eventually requires a system to remove 
the collected particles from the i mmediate area. Vacuuming 
will generally be a more effect ive me ans of decon tamination 
but would still require disposal of the collected fallout 
debris . 
2-4 . 5 Habitabili ~y 
I f the shelter is des igned for protection against radio-
activity , the period of o c cupanc y by the shelterees may extend to 
many days or even weeks. In a stru cture no t originall y cons tructed 
for habi tati on 9 and yet one expected to house many people i n an 
· emergenc y : care mus t go into the plann ing so that modifi c ations 
may be incorporated i n the building ha.sti.ly to permit c ommunity 
life to continue under emergency c onditions . 
'The prime purpose of a shelter is to keep the occupants 
in good health , and therefore, almost all requirements for 
habitability are included for the purpose of continued good 
mental and physical health . . Considerations must be given to the 
problems of food and water supply , sanitation, ventilation , 
heating and cooling, lighting , administration ~ communication» 
fire safety and space arrangement . 
'The special problems of injury resul ing to personnel 
from a nuclear detonation may have to be treated ~ and 3 addi-
tionally the usual sicknesses ~ births a nd deaths will have to 
be handled. For these purposes a clini c should be considered 
as part of a complete shelter . The c lini c would also func tion 
as the control center to maintain the good health of the 
majority of the occupants . 
Both food and water will have to be distributed under 
control but only the minimum daily requirements should be planned 
for . . Food will undoubtedly be stored at. a c entral point and the 
distribution from this point would be directly to the shelterees . 
If any other food source is available in add1tion to the emergency 
supplies , it probably will require special preparation and 
eating areas . The emergenc y supplies alone do not require . any 
special fac ilities . The water supply will also be in one central 
location , whether it is from a supply that has been built into 
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the building (such as the fire fighting reservoir) or from con-
tainers especially stored for emergency use . It should be made 
available throughout the shelter not only for drinking but also 
£or personal cleanliness 1 food preparation ~ c leaning utensils ~ 
removal of wastes , fire fighting and numerous other uses . 
Sanitation problems involve personal hygiene of the 
shelterees and maintaining the environment in the best condition 
of cleanliness. Toilet facilities should be planned with 
privacy and separation of the sexes ~ and should be distributed 
for convenience to all areas of the shelter . Minimum areas 
must be established for commodes and washing facilitie s . The 
design and selection of materials used throughout the building 
should consider ease of cleaning and the control of pests. 
Special attention must be given to the heating or cooling 
of a structure not ordinarily used for sheltering large numbers 
of people . . Control of humidity , oxygen , carbon dioxide and 
odors will have to be studied~ for the physiological and 
psychological effect they might have on a confined group . 
Closely related to ventilation are the space and volume 
requirements . Either requirement could limit the shelter capa-
city. Under some situations ~ the large volume of air of the 
structure will be adequate for the occupants during emergency 
conditions without mechanically supplied fresh air . The spac e 
available should be studied so that the most e ff icien t 
2~23 
arrangement can be made and the maximum number of o ccupan t s 
accommodated , The large flexible space of the garage should be 
subdivided into areas providing sleeping , eating and rec reation 
areas for the occ upants and special areas determined for the loc a-
tion of toilets ~ a dministration , heal th and storage . 
In the areas established for the various func t ions o f 
the shelter , the lighting should be studied , Minimum levels 
used in the garage s tructure will probably be accep table in 
most areas but special or auxiliary lighting may be required 
in the clinic , administration and food preparation areas. 
Struc tures used for parking garages are required by 
codes to have precautions for fire safety , bu t care should be 
taken to avoid the hazards that may arise if t he buildi ng is 
converted to emergency use . . Sprinkl er systems and hand operated 
fire extinguishers are required by code to be included in 
certain types of gara ges . The shelter must still be des i gned to 
avoid fire hazards . The disposal of t rash a nd p a per should be 
easily accomplished and open flame devi ces should be avoi ded . 
Under e.mergenc y c ondi ti.ons , even a small fire becomes a hazard 
since it would consume valuable oxygen and the smoke produced 
could cause panic. 
CHAPTER ;II;I 
lNCORPOR,AT~ON OF:' 'PROrECTIVE FEATURES 
3-1 General 
In the following chapter ~ planning principles and cons true= 
tion .details are analysed with respect to protection from vari.ous 
nuclear effects . 
3-2 Site Considerations 
3-2 . 1 Scope 
The selection of a si t e will continue to b e based primari.ly 
-on economic principles for the peace time functi.on pf the proposed 
structure relative to the traffic pattern , parking demand and . land 
cost. However, if the parking garage is intended to serve a dual 
use as a shel-ter, the desirability of the -site as a location for 
a shelter should be considered , If the site has been selected 
prior to the decision to incorporate protective features or if 
the structure has already been b4ilt , certain features of the -site , 
such as terrain or neighboring structures should b e considered to 
determine the · type of protection to be incorporated and how this 
protection can be best be utilized . 
3-2.2 Soil Conditions 
The condition of the soil i.s an important factor for both 
abov~ and below ground structures . The characteristics and bear-
ing capacities should be considered u.nder both normal and blast 
loading . In general , it can be said that the -soil conditions t~at 
behave best under conventional loading _will also behave best under 
blast or dynamic loading with rock as the best bearing material. 
Under dynamic loading the structure .and t h e -soil act together 
which assists in resisting fail~re in the soil at pressures above 
those which would cause fqilure under static loads . Bearing 
pressures under dynamic loading are discussed in Professional 
Manual 100-5 . In general it ~an be said if detailed soil infor~ 
mation is not available ~ the bearing p ressure may be taken as the 
sum of twice the conventional allowqble .static value plus the peak 
free-ffeld soil pressure exi$ting at the foundation level . 
3~2.3 Surface and Topography 
The terrain of the site and the surrounding area has some 
. influence on the magnitude of the blast energies received on tl~e 
structure. Deviations in incident overpressure are produced by 
the character of the surface and tne topography . Declines in the 
ground slope in the -direction of the path of the blast front cause 
, a decrease in peak overpressure while an incline produces an in-
crease . As the -incident level of peak overp ressure increases ~ 
the change in peak overpressure caused by -a given change i .n slope 
becomes a smaller proportion of incident ov~rpressure. 
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Fallout quantities will not be considerably affe cted by the 
terrain surface features, since the period of greatest fallout 
will occur after the turbulence created by the explosion has sub-
sided. However, the earth used in grading or landscaping on the 
surface of an underground structure may be utilized as a barrier 
shield against fallout. 
3-2.4 Neighboring Structures 
Nearby structures could :provide shielding t o all nuclear 
effects. Non-combustible close-by structur es may be regarded as 
a thermal shield. If they are situated on t he _p a th between the 
detonation and the shelter , the shelter will not be exposed to 
thermal radiation. However , if the struct ures are flammable , 
close proximity could present a fire hazard . · Ski llful building 
relationship could be an effective means of reducing area fires . 
The distance between buildings should be at ,least 50 feet if the 
probability of fire spread ~s to be limited to 59%, and in order 
to eliminate the spread of fire almost completely » the distance 
between buildings should be over 300 feet. 
The interference of the pressure wave b y a building between 
a shelter and the explosion is particularly noticeable in the re-
flected overpressures and drag· loadings. If t he t wo elements are 
closely spaced, the shock wave is disturbed and consequently , the 
drag coefficients are modified . Similarly, particularly for the 
shielded element, if the shock front has been substant ially 
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disturbed, reflect~q pressure ~ffects ·may be virtually non~existent . 
. i 
[f ~he distanc~ between elements in .the direction parallel to shock 
propagation is equal to or greater , than ; approximately lO . t:i,mes the 
lateral dimension of the windward element ~ the effects of shield-: 
ing becpme v~ry .. small and cari , therefore , be neglected. In this ' 
connect4op it sho~ld also be noted that in open air structures 
l 
the effects of shielding can usually be neglected even though the 
distance between individqal structural elements may ·be much less 
than ten ti~es the lateral dimension mentioned • 
. Neighborin~ buildings ~ if massive , will provide barrier 
shielding to fallout radiation . 
In areas where there is a high percentage ·of ground coverage 
by buildings, the plane of contamination may be elevated and varied . 
This ·Wi:l-1 produce a variation i -n ' the contribution .at the upper 
level' shelter areas.; 
3·:2.5 Utilities 
In order to eliminate danger from falling utility poles 
and to insure contintied ' service , undergro~nd utilities are pref-
erable . . Damage to underground services .beyond the grou:q.d shock 
area . i,s not probab_le. · Where the utili ties pass through exterior 
walls, provision must be ·made for the relative motion between the 
s;.t'ruct·ure and the a djacent ~~rth in order to avoid rup.t ure of the 
pipe or conduit~ The possibility of loss of pressure through 
breakage of ~ipes at this point or even within the structure is 
more serious than failure of underground pipes . The damage to 
the water supply is critical for fire fighting and the -problem 
could be partially remedied by the use of flexible connections at 
the building. The water supply and sewage lines should be designed 
so that any contaminated material cannot enter the protected in-
stallation through the piping. The emergency supplies stored in 
the shelter do not require the continued operation of these util-
itites and completely shutting them off is an acceptable condition. 
3-2.6 Landscaping 
Landscaping elements in the vicinity o f the shelter struc-
ture or above a belowground structure should be studied for the 
hazards that they may present . Trees ~ grass and shrubs are all 
subject to sustained burning and should not be located near en-
trances or air intakes~ Decontamination . of a lawp area is almost 
impossible unless the earth is turned over by bulldozers. It 
would be pre:flerable to use pav-ed areas that can be ,more easily 
hosed or vacuumed. Pool surfaces are self-decontaminating since 
the fallout material will settle and the water then provides a -
barrier shield. However , a pool used on the roof of an under-
ground structure will loose the mass shielding of the water as 
the fallout material settles down. 
3-2.7 Orientation 
If the probable direction of the plast can be ass·umed ~ it 
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should be considered in the structural orientation of the structure. 
General orientation of the garage should be ·used to resist the 
blast forces , since the elevation facing ground zero is subjected 
to the highest pressures . . The ~ffect is not very pronounc~d in 
conventional structures which are generally of a rectangular plan y 
but a long, narrow struct ure will be ·more resistant to blast 
agatnst the end rather than on the side. 
3 - 3 Space Re~uirements 
3-3.1 Scope 
In .a garage - structure ~ the shelter space p unlike a school 
or apartment building structure ~ is very open . Th~ use of certain 
spaces for various shelter functions is not readily apparent. In 
a school, for exampl~, the location of the ·administration .·would 
logically be assigned to the suite of school offices and the clinic 
would best be located in the health suite . 
Space requirements and space arrangements should be studied 
beforehand. This can best be done by the archi teet when he i.s 
making ~is original preliminary layout of the building, and it is 
recommended that th,e archi teet prepare a schema ti.c emergency-use 
floor plan which would be available in the garage office to assist 
the shelter manager . The shelter t hen c~uld be quickly organized 
to run efficiently along the plan best suited for that particular 
shelter. 
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3-3.2 Capaci!Y_ 
In order to determine the necessary space assignment to 
each emergency function 1 the approximate shelter capacity must 
be determined. As a general rule, those floors of the structure 
that will be used as a fallout shelter would have an occupancy of 
approximately thirty times the total car capaci t y . This assumes 
that the area per vehicle is 300 square feet and also assumes that 
ten square feet is adequate for each shelter occupant . Both these 
figures should be refined by study of the various arrangements of 
parking and shelter ·facilities within the s tructure. The final 
figure will alsb be modified by the particular policy adopted with 
regard to the disposition of the automobiles during an emergency . 
3-3.3 Recreation and Eating 
During the period of shelter occupancy , the shelterees will 
be awake most of the time. Active recreation would not ordinarily 
be encourage since it demands more space, food and oxygen . Passive 
recreation is more desirable and variety can be accompli. shed by 
defining numerous small group areas. Listening to music and watch-
ing films is an excellent diversion for both children and adults. 
Assuming the proper equipment has been supplied , an isolated space 
should be ass~gned since the noise may be a distraction to others. 
Adults should have space for reading, discussions ~ and table games. 
In most cases no special area will have to be assigned for 
eating space. The emergency food rations recommended to be 
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provided for adults are a high calorie biscui t. These need no 
preparation and only a distribution point needs to be planned. 
If it is anticipated that other food sources wil'l b'e available . ~ 
for example , an integrai type of garage shelter in a hotel could 
have access to the food of the hotel kitchen ~ then , preparation 
and distribution space , speci~l eating areas and dishwashing 
facilities must be provided. · Some area should be provided in all 
cases for preparation of infants food or other special diets where 
some cooking is required . Special areas are ~ however 9 the ex~ 
· ception, and generally the special attention required will be 
limited to locating the emergency food and water distribution 
points. They .should be both convenient to the shelterees and easy 
to control for the shelter management . 
Under emergency condi tions ~ seven square feet per occupant 
is an acceptable minimum figure for recreation and e ating . . Since 
this space would be used for two-thirds of the day, about 4.7 square 
feet (2/3 x 7) should be allotted for each shelter occupant , 
3-3.4 Sleeping Areas 
The amount of area assigned to sleeping is the most variable 
since it depends upon the type of beds supplied in the shelter. 
Probably ·the most economical type of sleeping accommodations to 
supply and store would be hammocks . . These would require some 
fastening devices to be installed in the ceiling during constuc-
tion. If the standard army cot is to be u s e d , a l arge amount . of 
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floor space would have to be assigned to sleeping . Including aisle 
space , an area about four feet by eight feet would be required for 
each bed. Assuming three shifts of sleeping ~ 10 "7 square feet 
(32 x 1/3) would be required for each shelter occupant " Special 
bunk beds could be designed and stocked in the shelter . If a unit 
two feet by six and a half feet were used requiring a floor area 
of three ·feet by eight , double bunks would require -four square feet 
per shelter occupant (1/2 x 24 x 1/3) " Triple bunks could b e used ~ 
but would need _special design attention because of the lower ceiling 
heights used in garages . These would require 2.7 square feet per 
shelter occupant . 
The location of the area assigned to sleeping should be 
isolated from any noisy activi ties. 
3-3.5 Toilets and Washing Facilities 
Permanent toilet installation will probably be limited to 
the minimum number required for the structure in its p eace time 
-function. Additional water closets in a sufficient number to 
accommodate all shelter occupants could not be i.nstalled without 
exorbitant expense . Emergency commodes included in the emergency 
supplies stocked within the shelter are·a provide the most econ~ 
omical solution. 
Privacy is sti.ll i.mportant and advance layout and location 
should be studied since considerable space will be required. The 
number of commode locations should be far less than those required 
by codes fot dormitory use . 
The designer could a.ssume a " time~use per day and a total 
space assignment as a met~od of approximating the space required 
for toilet and washing facilities. For example ~ if thirty minutes 
per day per person and thirty square feet p er station (including 
both commode and washing) were assumed , then 0 .625 square .feet 
{30/1440 x 30) would b e required for each shelter occupant. If 
the ·shelter housed 1000 occupants ~ 625 square feet would be re-
quired. By comparison ~ minimum requi.rements by plumbing codes 
WO\.lld require 94 water close t s for 1000 persons in a dormi.tory . 
structure. The space requirements would be more than tripled for 
this number of fixtures ~ 
. Shower facilities should not be considered because of the 
space and water required . A decontamination area should be planned 
near one entrance ·but even for this shower heads would be an ex-
travagance ~ Decontamination by a flushing .stream of water can be 
accomplished with a hose; or more si.mply y contaminated clothes can 
be brushed or changed before enteri.ng the shelter area. 
3-3.6 Admi.nistration 
By experience with shelters established during natural 
disasters, it has been found that proper control a nd admi.nistration 
of a shelter is the key to a successful peri.od of occupancy. With-
out good shelter management ~ situations of near riot arise. A 
brief familiarity wl.tn t ,hese problems should assist the designer 
in making .a layout that lends itself to a mor~ effl.cient manage-
ment. Persons taking .shelter lack any preparation and few will 
be able to bring essentl.al clothing or required bedding , food , 
water, or other supplies since the garage structure will shelter 
people in the . city .on business or shopping . . The people may be in 
a state of exhaustion and shock . One of the first duties of the 
shelter management is regl.stratl.on of the shel terees. If the 
entrance is pre-disaster, registration would p robably b e upon 
entering; however, in a post - disaster situation , medical al.d , food 
or clothing may have to be issued prior to registrat ion . Through-
out the entire emergency situation ~ the shelter manager l.s in-
volved with accommodating the structure to the .shelterees. The 
space use ·of the building must be .designated ; the a~signment of 
duties to personnel for security patrol y d .istribution of supplies 
and cleaning must be made; procedures must be established concern~ 
ing communications , sanitation 1 entertainment , religious service 
and many other items. 
For the execution of these duties , an office should be 
established that has control over the shelter and yet may be 
physi.cally isolated from it. Under emergency condi t i .ons, it would 
not seem unreasonable to provide working space of sixty square 
feet per worker j and that one staff member may be required in the 
administration office for each fifty shelter occupants. Thl.s 
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would require a .space assi.gnm~nt · of 0. 4 square feet per shelter 
occupant (60/50 x 1/3). 
3-3.7 Health Center 
In a designated shelter ~ medical suppl1.es would be furnished 
by -Civil Defense authorities prior to emergency and a proper stor~ 
age point should be established . Closely ·related to this in the 
plan layout should be the location of the proposed health center . 
In previous emergency condttions s shelter problems have almost 
overwhelmed the ·medical staff as most people were not in the 
shelter at the time ·Of disaster. This may or may not be the case 
in the event of a nuclear attack. 
If the occupants enter the .shelter after a disaster» med~ 
ical treatment will be ' an important function of the shelter. If 
the occupants enter prior to an ·emergency, a medical center will 
be required for the period of occupancy to assist the infirm, and 
aged, as well as to control the spread of communicable diseases. 
Ward space will not require additi6nal space ·as it can be taken 
from the dormitory and recreation space allowance. 
3-3.8 Storage 
A complete description of the materia ls recommended to be 
stored in a fallout shelter i.s described in OCD Manual 8520.1 . 
Briefly the following kits are .available and selected ones proo~ 
ably will be used in the · shelter ~ 
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Persons to 
Kit Volume ~ be su;e;eli.ed 
Sanitation Kit III 3,36 cu. feet 25 
Sanitation Kit IV 3.36 cu . feet 50 
Radiation Ki.t 1.08 cu. feet One per shelter 
Food 2.26 cu. feet 7 
Food 1. 52 cu. feet 5 
Medical A 1.0 cu. feet 65 
Medical c 5 . 2 cu . feet 325 
·Water 17.5 gallons ' 5 
In a garage shel~er, these supplies would take about 0.16 
square feet per shelter occupant. Other supplies may be required 3 
but are not as yet available in OCD prepackaged storage ki.ts . 
. Consideration should also be given to storage of beds ~ bedding , 
furniture, amusement articles , etc. 
3-3 . 9 Summary 
The total net area per shelter occup a nt including space -for 
recreation, eating , toilets, adminis t rat:ion » medical and storage , 
but excluding sleeping space is about six and a half square feet . 
The space requirements vary chiefly with the sleeping arrangement 
proposed. If cots are used for sleeping J 17 . 2 _square feet is re~ 
quired, if double bunks are used 10.5 square f e et 9 and if triple 
bunks are used , 9.2 square feet are required. These net areas 
should be further increased t o 23 9 14 , and 12 . 5 square feet to 
allow for circulation space . 
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Finally , of course , these figures only appl y to ~ree area 
not occupied by automobiles. The policy of evacuating automobiles 
from the shelter will vary with the structure and the particular 
situation. The occupancy rate of parking garages vary from nearly 
empty to , in some cases , over 100%. The . average occupancy could 
be assumed to be 60%. 
3-4 Special Considerations of the Automobile 
3-4.1 Scope 
The planning of a shelter structure designed to protect 
people from the effects of a nuclear detonation that has a pri~ 
mary function as a parking garage should necessarily consider the 
possible presence of automobiles in an emergency. As pointed out 
previously, the automobile p resents some lndirect hazards to the 
shelterees from the blast and thermal energies. There are other 
disadvantages and problems presented by the automobile which should 
be considered. · Additionally , there are some features which may be 
regarded as assets and some study can take advantage of the presence 
of automobiles. 
3-4.2 Space 
The two major limiting factors to the number of occupants 
whiyh may be housed in a shelter are floor space and volume. Though 
the floor space and volume taken up by automobiles remaining in 
the shelter is difficult to use , it is not necessarily lost. The 
interior space ' and the volume above and including the vehicle 
could be counted as part of the volume of the shelter. 
· Warning time would 9 of course 9 determine when the automo-
biles may be evacuated relative to an attack. A preattack evacu-
ation is desirable for the most efficient use of the shelter . If 
the situation permits the garage .should be closed well in advance 
of a possible ·emergency . No pr6blem of car removal would arise 
and a maximum amount of space would be available. 
In the event that evacuation .is not possible prior to an 
attack , the automobile may or may not be removed during the crisis . 
It should be noted that even if t he garage is filled to its maxi.mum 
capacity of automobiles ~ as much as h al.f of its floor area is open 
to use by shelterees and space is s ti.ll available in the i.nteriors 
of the vehicles. Without attempting to remove the cars completely 
from the shelter , the space can be rearranged into more usable areas . 
. The vehicles could be pushed into areas of lower protecti.on factors 
where their mass could provide additional shielding or they could 
be concentrated in a single area and assigned a s sleepi.ng areas. 
If it is decided to remove the stored vehicles from the 
shelter in a post attack evacuation ~ it will be difficult except 
in the case of above ground shelter . If the shelter is below 
ground , pushing many cars manually up a 15% grade would be very 
taxing on the shelterees . On the o t her hand driving t hem out 
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would overtax the mechanical ven ilation sys tem ~ o ex~aust the 
carbon monoxide . 
In either case the vehicles would have to be removed in the 
short period before fallout dus begins to settle or after the 
radiation intensity falls low enough o p ermi short p eriods of 
stay in unprotected areas . In htgh building dens ·. y areas there 
would be little or no space for autos without blocking critical 
traffic routes. 
3-4 . 3 Supplies 
Whether or not the automobile remains or is removed from 
the shelter , certain items within them could be used from t hem 
that may be useful in an emergency. The presence of he automo~ 
biles should be relied on in planning for the efficien t operation 
of the shelter since it would s ill be p referable to have the 
automobile evacuated prior t o occupancy , and the materials avail-
able from the automobile would no b e accessible 0 • If the vehicles 
are in the structure some items undoub . edly can b e used to relax 
demands on the emergency suppli.es . 
Water is the most useful commodity tha must be supplied 
and it is doubtful if too much could b e stored i.n a shel er 0 
Needed critically for drinking , the wa er s :ored 1n the emergency 
supply kits would not be available for washing or cleaning. The 
water in automobiles , even hough containi.ng antifreeze and no 
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potable ~ could undoubtedly be utilized . Improvising s t orage fa~ 
cilities for the water would be difflcult . Vinyl sheets should be 
stored for possible use as tank liners. 
If a gasoline power generator ls part of t he mechanical 
equipment , the gasoline from the tanks of the stored vehicles 
could serve as a reserve :fuel supply for the emergency power re~ 
quirements . Removing the gasoline from · the tanks and handling 
would have to be carefully controlled because of the explosive 
vapors involved. Storage tanks would probably not be avai.lable 
to contain the gasoline and planning to remove the fuel prior to 
evacuating the vehicles from the garage does not seem probable . 
Numerous other items should be considered as possible use~ 
ful materials in _an emergency. Batteries could be removed and 
combined as an emergency power -source for light ing and communication 
equipment . - Car radios could be place throughout the shelter to be 
used as an i.n t ercom system. In some cases removed short wave sets 
may be used for communications to -Civil Defense headquarters. 
If the vehicle is to b e taken from the structure~ the seats 
should be removed to serve as s eating in the shelter . Other help-
ful items such as tools , flashlights and blankets should be stored 
in the shelter before the automobile is removed . 
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3-5 Structure and Materials 
3-5.1 Scope 
The selection of the s truc t ural sys tem and the materials 
of construction in relation to the function to be housed within 
a structure , the locat ion of t he s tructure (i .e., aboveground , 
belowground , or partially buried) ~ t h e de sire d spans ~ the exterior 
walls (i . e ., completely open , partially open ~ f r angib l e or non~ 
frangible) , etc ., is an important planning consideration in con-
ventional building des i gn . This selection becomes even more im-
portant for a structure designe d t o resist low level blast pressures 
and to provide nuclear radiation p rotection . Theref ore 9 increased 
attention to these considerations is required in the s tru~tural 
planning and design of such protectiv e structures . 
3-5.2 Type of Structure 
Parking garages situated above~ground are o f t wo general 
types : enclosed and open air 9 or poss i ble a combl:tlation of the 
t wo types. Although the mos t common typ e for commercial garages 
is the open air , the reaction or response to nuclear blas t effects 
and the nuclear radiation p rot ection capability of both types will 
be discussed . · Appendix As "Weapons Effects , " c ontains a general 
discussion of the propag a tion of blast waves and t heir interaction 
with structures . 
a. Above ground enclosed 
A structure with wall openings , i . e .~ doors and windows , 
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with an area of less than about 5 per cent of t he t o ta l exterior 
wall area , is conside~ed to be an enclosed structure for purposes 
of determining .the ·blast loading on the structural system ~ i.e. ~ 
the exterior walls s roof , supporting frame ~ shear walls ~ foundations ~ 
etc. It is further assumed that the walls are suffi.ciently strong 
so as to remain intact under the blast loading . The pressures on 
the interior suriaces of the exterior envelopes and the supporti.ng 
frames are assum~d to remain at the ambient pressure level before 
the arrival of the shock front ai the blas t wave , i.e. , the inside 
overpressur~ is zero . . 
As the shock front strikes the structure , it is reflected 
and the pressure in the wave is substantially increased above the 
peak overpressure of the blas t wave. The resulting reflected 
pressure which is the loading on the front face of t he structure 
is not only a function of the peak overpressure of the blast wave 
before reflection ~ but also of the shap e of the structure (i.e. ~ 
rectangular , arched y etc . , ) and of the a ngl e of incidence between 
the shock front and the structure. -For a rectangular structure 
with a wall directly facing t he sho'ck front ? thi.s "front face" is 
loaded by a "reflected pressure spike . " As the shock front passes 
over the structure the reflected pressure rapi.dly decays . The 
duration of the reflected pressure is a function of t he initial 
peak pressure and the dimensions of the loaded front face . The 
front face loading is subsequently caused by the ambient · 
overpressure (similar to a hydrostatic pressure ) of the blast wave 
and by the dynamic pressure of the blast wave due to the transla-
tional movement of the air within the blas t wave (similar to the 
drag loading of wind forces ), 
As the shock front passes over the structure 9 the roof · and 
side wall surfaces are progressively loaded until the shock front 
reaches the back face of the s tructure at which t ime roof and 
sidewalls are fully loaded . The back face is not loaded until 
the shock front reaches the back o f the structure , and the loading 
is progressively built up as t h e shock fron t spills over from the 
roof and around from the side wa lls. The r oof 9 sidewall and back 
face loadings· are functi.ons of the overpressure and the dynamic 
pressure existing within t h e blast wave . Whereas the dynamic 
pressure increases the load.ing on the fron t face ~ t h e dynamic 
pressure serves to decrease t he loading on the roof , side walls 
and back face. 
These previously described loads are thos e to wnich the 
·exterior walls and roof surfaces are subjected a nd for which they 
must be designed . . The structural elements supporting th,ese . sur~ 
faces must in turn be designed for the reac tions of the exterior· 
element s . However , these reactio~s will not e qual the loading on 
the exterior surfaces becaus e of the dynamic nat ure .of t he loading 
and response of the exterior surfaces , In t he de sign of any sup-
porting system , the net horizontal loading , i . e. , t he front face 
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loading minus the back face loading ~ must als o be considered. 
After the back face has been loaded 9 t he overpressure components 
of the loadings on the front and back face are essential ly th~t 
caused by the dynamic pressure ~ i .e. ~ the d rag force loading. 
Therefore ~ the loading on a n above ground ~nclosed stru~ture 
is dependent on the areas of the exposed exterior ~urfaces ~ the 
overpressures , and the associ.ated dynamic p ressure -. I n asmuch as 
these exterior surfaces of a ga~age would be rather large in area , 
the exterior walls and supporting frame system would b e required 
to carry rather heavy loadings . 
b . Above groun.d Open Frame Struc ure 
At the opposi.te end of the spectrum from t h e total ly en= 
closed structures is the open frame structure wi t hout any wall 
covering , or with light ~ frangible walls (e.g. , glass, a sbestos , 
light steel , or alumi.Ilum panels ) which shatter on impact and trans-
mit only a small or negligible load to the $Upporting frame. In 
such a frame structure , only the individual small structural ele-
ments of the frame are subjected to t he blas t wave. 
For both the framing elements and the slabs (roof and floor) ; 
the overpressure is essentially balanced on all sides , and the 
primary loo.ding on the struc· ural members of an open frame structure , 
therefore, consi.sts of the drag loading resulting from t he dynami.c 
pressure of the blast wave. Furthermore ~ depending on the relative 
size and spacing of the individual elements ~ e . g. , _columns , bracing , 
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etc. , the various members tend to shield each o t her to some -- extent 
from the full effects of the blast wave ~ and thus reduce the load-
ing. 
Therefore , the loading on the elements o f an op en frame 
structure is dependent on t he area of the exposed members and the 
dynamic pressure. Since the area of t h e exposed e l emen ts of a n 
open frame structure is only a small perce n tage of t h e exposed 
wall area of an enclosed building ~ and since the dynamic pre ssure 
is relatively small compared t o the overpre ssure of t h e blas t 
wave , the loading on an open frame structure is much l e ss than 
for the enclosed struct ure . However , the increased mass and 
strength of the latter partially compensate f o r t h e increased load. 
c. Underground Structure 
A below-ground garage would either be located under an open 
area, e.g. , a plaza or park ~ or in the basement area of an above~ 
ground garage or other building . The only significant difference 
in the loading would be that on the roof slab , whereas t he side 
walls and floor slab would be subjected to t h e same type of load-
ings in both cases. 
A below-ground garage under an open area would ge nerally 
have a maximum earth cover of only a few feet' which would b e in~ 
sufficient to develop arching action and for a n y significant 
attenuation of the pressure to occur . With the roof slab flush 
with the ground surface o r having only a few feet of earth cover , 
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the roof slab is subjected essenti.ally to t he overpressure of the 
blast wave , without any contribut ion from a reflected pressure 
spike or from the dynamic pr~ssure , 
If a building is situated above the below=ground garage , the 
roof slab loading on the garage is dependent on whe t her the building 
is enclosed or open air. If the building is completely enclosed, 
the loading on the garage roof slab is zero , whereas if the build-
ing is open, the roof slab loadi.ng would be essentia lly that of 
the blast wave overpressure . 
Inasmuch _as the loading on the sidewal ls of a below-
ground structure is dependent on the coupling b etween the soil and 
the structural element itself ~ the wall loadings will be a function 
of the physical properties of the soil (e.g. ~ soil type , densi_ ty 3 
degree of compaction , placement procedure , etc. ) and the mass and 
stiffness of the walls. If the si.de walls are fairly stiff , the 
lateral loadings are i.ncreased ; howe ver , if the sidewalls are rel-
atively flexible , the loadings are -decreased . The soil-structure 
interaction problem is very complex and generalities are extremely 
difficult and dangerous to make . The supporting structural system 
is, of course , in turn loaded by the reactions of the side walls 
as they respond to their .loadings . . Depending upon the pressure 
level , the -structure might also be subjected to an overall acceler-
ation, i .e., gross body motion . 
A partially buried garage structure will be subjected to 
loadings similar to that of an enclosed above-ground garage struc~ 
ture , except for those portions of the sidewalls below grade-line. 
If the cover is mounded around the porti.ons of t he sidewalls above 
the grade li.ne, the · resul ti.ng aerodynamic shape is improved result~ 
ing in decreased drag loadings on these upper portions of the side~ 
walls. In addition, the increased mass of t he earth cover most 
probably would decrease the response of the sidewalls. 
3-5.3 Structural Layout 
The general structural layout of a garage iS based on the 
parking requirements of the automobiles or a p rojection of the 
structural grid of the supers tructure when another function is 
housed therein. 
In a rectangular structure ~ shear walls are generally 
superior in performance to rigid frames and may be less expensive . 
However, large openings required to facilitate car movements are 
of such a s~ze that they would greatly reduce the effectiveness 
of shear walls. Shear walls could be used :in t hose area around 
the entrances and other faci.li ties where open space i.s not demanded. 
Arches and domes are .superior str uctural shapes because of 
their inherent structural streng t h and their b etter aerodynamic 
characteristics resulting in reduced str uc tural loadings. However , 
it is generally inadvisable to use them to house parking garages 
as the volume created cannot be fully utilized and their construc-
tions cost higher. 
· Either flat slab or T~beam construction may be used, but 
in a structure used as a parking garage the economy of headroom 
requirements makes the flat slab more desirable . 
Long spans should be eliminated wherever possible in order 
to reduce the size of the roof slab . 
3-5.4 Blast Resistant . Design .Considerations 
In blast resistant design there are three considerations 
which are significantly different than the commonly accepted design 
procedures of structures designed for conventional loads . 
(1) The increased loading rates of structural materlals under the 
dynamic loads experienced in blast resistant design generally re- . 
sult in increased material strengths ~ pa~ticularly in yield of 
steel. (2) The inertia forces tend to reduce the resist·ance re-
quired of a structure and/or structural element to withstand a 
given level of load. (3) Structures have a large reservoir of 
load-carrying capabilities beyond yield when they are designed to 
be ductile, i.e . , capable of deflecting wi thin t he plastic range 
.of behavior. 
Blast resistant procedures generally recognize all three 
of these copsiderations . Preliminary design can be based on static 
resistance equal to the ¥eak applied for~e using static yield 
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resistances. However , the final design snould be i .n accordance 
with blast resistant procedures in order ~o insure that the re-
sponse is acceptable. 
3-6 Openi,ngs ~ . Entrances and Ramps 
3-6.1 Scope 
Openings and entrances are particularly critical elements 
in parking structures designed to resist nuclear blast effects and 
to provide protection from nuclear radiation . . The ventilation, 
pedestrian, and large vehicular openings in an enclosed parking 
garage require special attention . Inasmuch as blast pressures on 
the order of 5 psi can cause r upture of eardrums and seriously 
damage vehicles, interior partitions and furnishings , it is desi;rable 
·to completely exclude the blast wave. For ventilation sy.stems p 
either a manual or an automatic blast closure devices is satis-
factory. The large openings m~st be securely and positively 
closed prior to the arrival of the blast wave and automatic actua-
tion is not r .apid enough to close the door prior to the arrival of 
the blast wave. Filtration of the incoming air after an attack 
would in general be required. 
3-6 . 2 Blast Effects 
When an air blast enters a tunneled entrance or an air duct, 
a new wave front is generally formed inside · the t unne l and the shock 
propagates itself through the entrance or duct . Considerable 
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research effort has been . e~pended on the proble~ of the entry of 
shock waves into tunnels and the subs~qvent behavior of these waves 
in various tunnel configurations . Becau~e ·Of the tremendous energy 
. and the long durations of blast waves repulting from nuclear ex-
plosions, the lengths and/or configurations of parking garage en-
trances are not sufficient to provide other than a very minor 
attenuation of the pressures in the blast wave. Baffles and tor-
tuous paths, although effective for reducing pressures from con-
ventional pigh explosive detonat~ons , are very ineffective in re-
ducing blast pressures from a nuclear explosion. Therefore, a 
positive closure of these large openings is required to exclude 
the blast pressures. 
A through-ramp entrance 3 either open or covered , which can 
be entered from either end with the clbsure offset in a leg at 
right angles has definite advantage. There are no reflecting sur-
faces and the door is subjected essentially t o overpressure . 
For a non-through ramp entrance ~ a roofless ramp is best. 
However , if a covered ramp is required and turns are permissible , 
the pressure will be significantly reduced if the closure door is 
placed along the sidewall rather than in the end wall. 
3-6.3 Radiation Shielding 
Entranceways should be shielded in suqh a manner that the 
contribution through the entranceway is mini~ized . Baffles , 
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either interior or exterior ~ a nd right angle turns are qui t e 
effective in reducing the contributi on through e n tranceways . 
. Closed or covered entrance ramps are t o b e p referred in t ha t they 
not only provide additional a ttenuating mass , but they also remove 
a contaminating plane from be i ng immediately adjacent t o t he struc ~ 
ture and provide a . "tunnel " which fur.ther decreases t he con tribu-
tion recei.ved wi.thin the garage from o t her sources. 
In order to minimize the fall out drifting down the ramp 
and lying against the s truc ture and possible door 9 p it s with open 
grills in the ramp floor are recommended to trap the contamination. 
3~6.4 Entrance Doors 
Incorporating effective barriers t o the blas t front at the 
large vehicle openings is one of the main s tructural ~ architectural 
and mechanical problems of a parking garage which is to serve as 
a . blast shelter . The major e xp e nse a nd intricate detailing in~ 
valved in providing a massive op e r ating .door that wil l remain 
operable is probably the cri ti cal design item i n t his t ype of 
blast shelter . Because of the expense of blast doors ~ they may 
be omit t ed from the initial construction but t he de signer should 
plan the entrance closure de tai.ls in a dvance. 
Hori.zontal blas t doors which would only b e subjected t o 
side-on overpressures may be used f o r the small op e nings normally 
used by pedestrians entering and leaving t he s tructures . 
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Vertical doors loca ed so they are not subjected to reflected 
pressures should probably be installed i.n the vehicle entrances 
since the openings are smaller -vertically than horizontally for 
ramped entrances. The designer should also consider installing 
separate doors for each lane of traffic in order to reduce the 
size of the door to be operated . 
Large doors may be ei t her hinged or sliding and there are 
advantages and disadvantages t o each . A top hinge d door to gain 
maximum support against the positive blas t phase would swing out 
and the structure may be used to resis t movement of the door . 
The negative phase ? assumed to assert a force e qual to fifty per 
cent of the positive pressure in t h e opposite direction ~ must be 
resisted by a series of bolts or pins . The problem of simpler 
support system for an out swinging door mus t be balanced against 
the problems of opening the shelter door into the direction of 
traffic under emergency conditions. Horizontal sliding doors 
operate slower and require mor~ energy t o close than vertical 
sliding doors. As in the case of hinged doors ~ resistance to one 
phase of pressure can be obtained from the s t ructure whi.le some 
device must be installed for the opposing ac t ion . A door stored 
in a recess presents the special problem of maintenance in an in-
accessible area . 
Exposed parts of the door mechanism. may be damaged by 
heat, fragments , rubble and dus t. When the si t e or neighboring 
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structures places the door in a vulnerable situation ~ . i.t is pre= 
ferable to locate the closure within the protected area of the 
shelter. In addition to direct weapon effects , the operating 
mechanism .may be subject to .very large forces transmi tted from 
the door. The door mechanism should be i.solated from t hese forces 
by .supporting the door i.ndepende n t of the rollers or other elements 
of the door mechanism . 
Operation of the door will require a power source . Small 
doors may be opera t ed by hand or an integral power source such as 
compressed springs ~ explosive cartridge or power cylinder v but 
large doors may require large power source for a short period of 
time. · An eme-r~en-cy power source should- be p rovided such as counter~ 
weighing p hydraulic-pneumatic or standby generators . 
3-6 . 5 Ventilation ap~nings 
Large shelters require a forced ventilation system con-
sisting of air ·intake and exhaust passage s and the means to circu~ 
late air. A blast valve or other mechanism restricting the flow 
of blast through these air passage s is desirable . Manually operated 
air handling units are generally impractical because of the vol-
ume o;f air to be changed a nd the corresponding stati.c ai.r pressures 
required. In addition , quantities of air for cooling and for com-
bustion will be required for the gasoline or diesel engine driven 
generators (wherever used) . 
The size of the ducts required to provide a minimum accept-
able air flow will be reasonably small . These ducts may be incor-
porated as part of the entrance system , in which case 9 addi.tional 
fallout tiaffling -is minimized. Alternati~ely , the ducts may lead 
directly from the shelter to intakes on the ground surface . In 
this case , sufficient bends or baffling must be provide d to elimin-
ate direct penetration of radiat ion. In addition , a small struc-
ture on the ground surface would be required to protect the en-
trance from debris and snow . It is recommended that blast valves 
be located on the interior ends of these ducts so that the valves 
are convenient for maintenance during an emergency . Blast valves 
to close the passage to blast pressures may be operated remotely 
by blast, light or radiation sensors and auxi.liary power sources 
or by the blast itself . 
The volume of air required at the emergency generators may 
·be larger than that required for the sheltered personnel~ Although 
locating the generators within the shelter area makes it accessi-
ble for maintenance , the increased cost of installing a protective 
supply and exhaust duct may be prohibitive. It is usually better 
to locate the generators outside ~ but convenient to the shelter. 
In an outside area , normal air circulation will provide suffi.cient 
cooling and combustion air . Standard engine generators can be 
modified to withstand low level blast preEsures , but should be 
shielded against radiation contamination as much as possible to 
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allow for maintenance. 
3-7 Mechanical and Electri.cal Equipment 
3-7 . 1 General 
A closed parking garage is notable both as a massive struc-
tural building as well as having an extensive ventilat ing system. 
On the other hand 9 an open~air parking garage is notable for the 
lack of enclosing walls and for the lack of any mechanical venti-
lating or heating system . Depending upon height and size 9 either 
type of garage n_li.ght be equipped with an aut omatic sprinkler system , 
but probably would not be equipped with extensive water supply or 
sanitary facilities. Lighting levels are generally ·very low in 
all garages. 
3-7.2 Effect of Large Volume 
It is probably a unique characteristic of a parking garage 
that there is a large unobstructed air volume compared to most 
spaces available as fallout shelters . There are very few inter= 
mediate partitions or closed-off spaces. Due to the inter-con-
necting ramps and the large par king and turn around areas 9 there 
will probably be large open spaces available for occupancy even 
though the garage may have a large number of autos at the time of 
usage. And , of course , the spaces within and on top of the autos 
may be used even if autos are occupying the garage . - Consequently ~ 
the free volume per occupant wi.ll proba bly be sufficiently large 
to control carbon dioxide concentration and to insure s~jficient 
oxygen content for extended periods wi t hout mechanical ventilation. 
An open-air garage would have to be closed with tarpaulins (or 
other type of screening) to prevent dust penetra tion y but would 
allow _some infiltration air depending upon wind dire cti.on and 
magnitude . Infiltration would be undesirable during periods of 
high concentrations of radioactive dus t in the a t mosphere . but 
after this period wou::)..d be of some advantage in providing ventil~ 
ation to p:revent heat and moisture build~up within the occupied 
space. 
3-7.3 Sup,ely and Exhaust Fan and Filter Room 
The supply fan and fi.l ter must be installed in a separately 
enclosed and shielded room. The fan sys tem should be provided 
with a bypass that can be used during emergencies to filter the 
smaller dust particles in a more effi cient manner than would be 
required for the normal use of the building . - Consequently, the 
main fan must ei.ther be so selected that the reduced air quan-
tities with higher filter resistances will still be sufficient 
for the use -of the space y or a separate boos ter fan must be com-
bined with the more resi.stive filters so that thi. s additional 
resistance is not imposed on the main ci.rculati.ng fan . - Spare 
filters must be stored in an accessi.ble and clea n area so that 
they may replace the primary filters i.n cas e the first set is 
damaged during the i.ni. tial stages of a nuclea r a ttack . There 
should be at least two extra sets of filters to account for possible 
subsequent blast damage . The air intake should be shielded so as 
to prevent direct wind pressure from forcing excessive dust quanti-
ties into the opening , and the air intake should be turned down so 
that the air must rise up into the opening and , therefore , leave 
the larger and heavier particles of dust on the outside . If blast 
is to be a consideration , some :form of blas t valve should be con-
sidered and some form of expansion chamber inside the ventilating 
air inlet should be provided to assist in reducing the over-
pressure at the filter and a t the supply fan . 
3-7.4 Emergency -Power 
A typical commercial garage would not have emergency power 
available and would not normally have heating or cooling equi.pment 
of any magnitude. Emergency power could be provi.ded by a small 
gasoline or diesel engine-driven generator. Although gasoline 
·Storage poses some problems in deterioration ~ a gasoline engine 
generator is less expensi.ve and somewhat easier to start than a 
diesel generator. In addi ti. on ~ most people are somewhat familiar 
with gasoline engines and a mechanic is likely t o be available 
among the occupants in case of emergency . Spare parts may probably 
be found among .the many automobiles; and extra gasoline could be 
· obtained from the parked automobi.les , if necessary . The only 
emergency power requ1rement would be the central supply fan and 
the building lighting. The building e xhaust system would not be 
operated in order to allow the building supply sys tem to maintain 
a positive air pressure within the building to assist in excluding 
dusty infiltration air , and other contaminates. 
The emergency generator should be located reasonably close 
to the supply ·a .i.r fan since this is the major load that it would 
serve. The main building lighting panel should also be located 
as close as possi.ble. The emergency generator should preferably 
be in a protected and non-contaminated area and should have suffi-
cient air supply to satisfy its cooling nee ds. This may be -accom-
plished by exhaust air ·from the building . If this is not possible, 
the use of a separate chamber for the air cool e d radiator sep-
arately located from the generat or should be considered so that 
the generator and its maintenance personnel would not be con~ 
taminated by the large ·quanti tie s of air required by the radiator 
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to cool the water for the generator . This water , of course ~ would 
have to contain anti-freeze to insure operations during freezing 
weather. The gasoline or di.esel engine fuel supply must be located 
nearby and in a protected enclosure to insure that initial radia-
tion or subsequent blast does not damage the fuel supply system . 
Generally ·speaking , this would imply that the fuel supply should 
be on the lower floor or below ground and the elec t rical generator 
would, therefore ~ be somewhere in this vicinity. It is possible ~ 
of course, to supply the fuel by pump to higher levels ; but this 
not only consumes electrical power , it also imposes another 
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possibility _for mechanical failure . 
3-7.5 Water for Human Consumption 
Fresh drinking water would not normally be available in any 
. large quantity except on the ground floor level 9 and only if the 
garage contained pU,blic eating and lobby facilities. Therefore 9 
emergency water supplies would be required to be stored either in 
emergency containers on each floor or in some central emergency 
water storage tank facility. If the building contained a sprinkler 
system, it could be used as an emergency source of supply. It 
would ptobably be -of the dry-pipe type since the building is gen~ 
erally unheated. However , a house storage tank of water on the 
top floor, or in a penthouse on t he roof 9 would insure a min1mum _ 
supply of water for the sprinkle~ system without relying on elec-
trical motor driven pumps which could fail 1n case of emergency. 
Under these conditions , water could be made -available on each 
floor through a simple emergency hose bibb arrangement . The house 
storage tank must be normally heated to prevent freezing. 
3-7.6 Water for Waste Disposal 
A typical garage will not have t oile t facilities on each 
floor; however 3 emergency containers and chemical toilets could 
be provided for emergency use . The automobi.les will contain large 
quanti ties of water in their radiators 3 if there are automobi.les 
in the garage at the time of occupancy~ _ This water can be used 
for basic washing and cleansing purposes , and for general 
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decontaminating purposes, even if it is not · tit fo;r human consump-
tion (because of anti-freeze). 
3-7.7 Normal Lighting 
The lighting levels in .a parking garage are usually of such 
low level that the entire building lighting system could probably 
be put on the ·emergency generator system . The one excepti.on would 
be advertising signs using large quantities of electrical current. 
Other than the lighting, the only other major electrical load in 
a parking garage ·would be the elevators in a multi-story garage . 
During ·an emergency, these could be shut off so as not to impose 
their load on the emergency generator. Therefore 9 the emergency 
generator would only serve the supply fan and the minimum build-
ing lighting system. 
3-7.8 Emergency Lighting 
An emergency lighting system could be provided in addition 
to the normal lighting system. The emergency system could be 
designed for 6 and/or 12 volt )>ower supply. This would allow for 
the em~rgency u,se of batteries in the automobiles as required (and 
if available). On the other hand ~ if ~utomobiles are available 1 
the headlights and taillights are pro~~bly sufficient for emergency 
use. 
3-7.9 Fire Storm 
In case of a fire storm , the fresh air ventilating ~ystem 
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would have to be turned off temporar~ly t o guard against entry of 
abnoxious and dangerous ·fumes, . smoke ~ and carbon monoxide . The 
fresh air intake shoul~ be properly located and designed with this 
in mind. However , the open volume of the interior spaces should 
be quite sufficient to maintain l~vability for a period of a few 
days without a forced air supply ventilation system because of the 
large volume of the space . The space would become warm and humid 
due to human occupancy , but the mass of the building would absorb 
some of this and the rate of temperature rise would be :reasonably 
slow. Naturally ~ an underground space would b e better suited as 
a shelter in an area of fire storm; however ~ there is no reason 
to believe that a windowless type of building such as a garage 
would not endure through a fire storm _without collapse and with 
reasonable safety for the occupants assuming that other openings 
such as major doors and ramps could be provided wi.th some type of 
closure. 
CHAPTER IV 
DESIGN .EXAMPLES 
4-1 General 
The following examples are ~ncluded to show various 
design solutions of parking garages which inc orporate some 
degree of protection . As well as illus trating various garage 
types and ramping systems , comment is made on the probable loca-
tion of the type. For shelter purposes , the structures are 
reviewed for special thermal and struc tur al resistance incor-
porat~d in the design ~ The plans are criticized for the 
adaptability as shelter area in a period of radioactive fallout. 
4-2 Open Air Type 
(Example A) 
4-2.1 Architectural Description 
This design , representative of the mo~t common type of 
commercial parking garage , is usually constructed by private 
interests in the center of large cities or . is built by the 
municipality and leased to another party for administration. 
A ramped system is used for verti c al c irculation in the 
eight story fireproof structure illus t rat ed . It is assumed to be 
an attendant operated garage where the first floor is devoted 
to customer facilities . The struc tural system is reinforced 
concrete and a bay size of 28' x 24 ' was sel ected to accommodate 
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three cars per bay. 
4-2 .. 2 Mechanical System 
As an open air garage ~ no mechanical ventilation is required. 
Heating would be limited to offices and facilities on the first 
floor. However, with only minor expense ? gas fired unit heaters 
could be installed and if the vehi c le openings were temporarily 
closed , the shelter spac'e could be .heated and become usable in 
the winter. 
Most codes would require a building of t his height and 
area to be equipped with a sprinkler system . Sinc e the building 
is unheated , a dry pipe system with a heated reservoir on the 
roof is recommended . 
4-2.3 Thermal and Blast Resistance 
Thermal pulses of .damaging magnitude will not be suffi-
ciently reduced by fifty percent opening unless special attention 
is given to a screening device . . Though the structure will not 
burn, a fire hazard exists since the automobiles may ignite . 
As an open air building p the structure exposes a minimum 
area to the blast forces and the struc ture itself is, therefore , 
less vulnerable to blast pressures than an enclosed structure. 
To further minimize the impulsive loading that may be transmitted 
to the frame , frangible siding c ould be installed . I t is not 
practical to modify this struc ture to protect o c cupants from blast 
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pressures. 
4-2.4 Shelter Considerations 
r ~ 
I 
This type of garage could serve best as a shelter to 
fallout since the design will not permit building- up a posi-
tive pressure to exclude bacteriological or c hemical warfare 
products. In order to use the structure as a fallout shel ter, 
temporary closing methods such as the installation of vinyl 
sheets over the openings must be used to prevent drifting of 
fallout material into shelter designated areas. ~ Any closing 
method used must necessarily be installed after the blast 
pressure period since these areas would be vulnerable to 
blast pressure. If some contaminated material entered the 
structure before closing, the sprinkler system c ould be used 
as a method of decontamination . 
Assuming no mutual shielding from neighboring structures, 
no contamination within the structure from drifting, and a 
negligible mass thickness for the exterior walls, the interior 
bay of the garage shown has protection factors above forty for 
all floors except the ground floor. The third to seventh 
floors has protection factor~ in excess of one hundred in the 
central bay and in excess of forty in the two adjacent interior 
bays. A structure of the same general dimensions and c apacity 
but without the staggered floor system of ramping would not 
provide a shelter area in the center bay with a protection factor 
4-3 
as high as one hundred . Ideally the automobil es in the 
structure should be moved to those areas on the perimeter where 
protection factors are low . . Doing this would free more area 
for shelter purposes and provide some addi t ional mass shielding 
in more exposed areas . 
An emergency stand-by generator loc ated in a pit bel ow 
the central aisle is suggested to provide el ec tri c power for 
lighting during an emergency. Emergenc y suppl i es could be 
stored in an underground storage room openi ng o ff the generator 
pit. Both the equipment and storage areas c ou l d be loc ated in 
tne half story space under the center slab i f the design is not 
concerned with blast pressures . 
4- 4 
4-3 Underground Type 
(Example B) 
4-3.1 Architectural Description 
The underground type illustrated is typical of the 
numerous facilities included in major central business dis-
trict projects or in urban renewal areas where an attempt 
is made to conceal automobile parking. The ar a above the 
garage is an open paved piazza which would enhance the down-
town area. If the garage were in an urban renewal area, the 
park-like green space could serve as a recreation area f or the 
neighborhood. 
In the scheme illustrated ~ it assumed that the customer 
pays a fee but parks his own vehicle . In projects of this type 
the number of floors may be limited by problems of excavation, 
but three floors are shown in this solution . 
Because customer parking is used , the structural bay 
size is increased above minimum standards to a 28' x 26' bay 
allowing slightly more space to maneuver the vehicles. 
4-3.2 Mechanical · System 
As an underground structure is c ompletely enclosed, 
mechanical forced ventilation is used throughout the entire 
structure. Heating, however ~ is limited to the control areas 
near the vehicle entrances . 
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The fresh air intakes are housed in the structures over 
the four pedestrian entrances. Fan rooms are located in the first 
level below grade. One of these fan rooms co~ld also house a 
generator for emergency use. 
In this design it is assumed that the sprinkler system is 
a wet pipe system fed by the city supply. 
4-3.3 Thermal and Blast Resistance 
Since the structure is underground , the effects of thermal 
radiations will be negligible on the structure , vehicles and 
personnel. Blast effects on the s t ruc ture are minimized and 
protection of personnel can be a ccomplished by some modification. 
Blast closures at the openings are the major modifications 
required by this structure . Commercially developed devices are 
available for passage doors and openings for the mechanical 
equipment, but at the vehic~e openings massive doors will be 
required. Opposing ramps are used and the entrance doors are 
at right angles to ramps in order to minimize blast pressures. 
4-3.4 Shelter Considerations 
With no ground radiatibn contribution exc ept the small 
amount gained through the heavy overhead barrier , the scheme 
represents an almost ideal solu t ion to shielding from nuclear 
radiation. Again, the major shielding problem involves the 
large openings of the ramp . Assuming no contamination within 
4-5 
the structure from drifting and when the overhead barrier 
consists of an eight inch reinforced concrete slab , a protection 
factor of fifty is reached on the upper level away from direct 
contribution through the entrance. Increasing the overhead 
barrier to a twelve inch thick concrete slab raises the pro-
tection factor to two hundred . Using an eight inch slab 
combined with two feet of earth fill ? the upper level parking 
area becomes a shelter area with a protection factor in excess 
of five thousand. The second and third floors below grade 
are sufficiently baffled by the ramp sequence and the only 
special consideration is that of temporarily enclosing the 
space to exclude drifting fallout particles. If the structure 
does not have blast doors , the exhaust system would be shut 
down during shelter occupanc y and air forced out vehicle 
entrances to eliminate possible drifting of fallout dust into 
shelter area. 
If all vehicles are evacuated from this garage the 
possible shelter occupancy would exceed 30 ~ 000 and a considerable 
area must, therefore , be assigned to house emergency supplies . 
It recommended that these supplies be stockpiled in least conven~ 
ient parking stalls on the lowest level . . Construction cost of a 
special storage area would be approximately the same as additional 
parking space and the space under ramps would only accommodate 
part of the supplies . 
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4- 4 Offi ce Building Base 
( Example C) 
4-4 . 1 Architectural Des c ription 
This example is typi.cal of the many new high-rise office 
buildings where parking is provided on the lower l evels of the 
structure. The stepped platforms in this s c heme form a transi-
tional element between the office tower and the open square . 
Three levels of parking are loc ated here . 
The structural system of the office building above has an 
influence on the structural bay size of the garage below . The 
long spans giving flexible space to the offi ce building project 
into the parking area . 
4-4.2 Mechanical System 
The open air garage is large enough to require mechani-
cal ventilation . The office building above has. heating and 
cooling equipment located on several levels including one at 
the lowest floor above the lobby . 
Water for the sprinkler system would be supplied from a 
tank on the roof of the office building . 
4-4 . 3 Thermal and Blast Resistance 
As an open air structure 1 the garage struc ture itself i~ 
not susceptible to overpressures except on the roof area . The 
superstructure will , however , be subjected to reflected overpressures . 
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The openness of the garage structure will not completely shield 
occupants or vehicles from thermal radiation but in a downtown 
area considerable shielding will be gained from neighboring 
structures. 
The garage area cannot be used as a shelter against 
blast without extensive modification but blast resistance for 
the structural frame can be gained by reduc ing t he long spans 
in the parking area. Using t he same design but with the garage 
below grade, a shelter similar to example B is evolved , and by 
the addition of blast doors , shelter c an b e g a ined to all nuclear 
effects. 
4-4 . 4 Shelter Considerations 
The characteri~tics of the shelter are similar to example 
A, where, in order to eliminate infiltration of fallout particles, 
all the openings must be closed. The major advantage of this 
structure over examples A and B is the convenience to the shelter 
of the facilities located in the building above . In warm climates 
where air conditioning is mandatory for large shelters, the 
additional expense for air conditioning equipment would be 
eliminated . The generator to operate this equipment would be 
the major additional expense. The core area of structure above 
including the toilet facilities would be available to the shelter 
area as radiation intensities decrease . 
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4-5 Integral Type 
(Example D) 
4-5.1 Architectural Description 
The integral type parking garage , though the least 
common type of parking arrangement employed » reJresents a 
\. 
scheme exceptionally well suited to a shelter structure . 
In the example, the parking area is enveloped on all four 
sides by an office building. The same scheme would work for 
a motor hotel. A continuous ramped floor provides vertical 
vehicular circulation and parking space. The corridor around 
the parking relates the offices directly to the parking as 
well as to the other facilities of the structure , 
Structurally, the reinforced cpncrete frame of the 
garage ties integrally with the office building . 
4-5.2 Mechan~cal System 
The garage is completely enclosed and , therefore, 
mechanical ventilation is required , This can be supplemented 
in an emergency situation by the heating and cooling equipment 
of the other areas of the building , _ 
4-5.3 Thermal and Blast Resistance 
The parking area is completely shielded from the 
thermal pulse . Blast pressure resistance is minimal with 
standard office partition construction and because of the 
4-9 
GURE 4 .. ll GROUND FLOOR PLAN OF BUILDING II D II 
~ 
. . 
: rnrmrnnmrrn 1 .~
I 
I I I~ I 
~ ~ 
I 
GURE 4-12 TYPICAL FLOOR PLAN OF BUILDING 
11 0 11 
l-------1- restroom 
0 
liiP--
61 
I 
G U R E 
II II 
II II 
II II 
I II 
I II 
I _j j 
I II 
II I 
_j j I 
II I 
Jl _j 
J ( I 
II l 
I[ __ ] 
===::::: ::====:::: ::=:=::~' :=:1 ===== :::=::=~ ..._-----J ;::::::::==~' :=::1 ===== L.-.--~ .._______, ..___----11 L..-..1 ------J 
,~~r~~--~--~--~---=~==~==:&~~1 
__ I I 
u~111 ~~wn 
4 - I 3 ELEVATION OF BUI DING 
11 0'' 
h4 
I 
I II II II I I 
I II II II I 
I II 11 II I 
I II l I II I 
I II II II I 
I II I I II I 
[ II II ll I 
r II II !l I 
r II II ![ I ~ 
! II II _jl I -f~n ra?m ~ l II I ~ 11--- I ~ 
l I I c 1 ~ ~ I 
I I 
/ 
IcC ':::1 H }1--~J ..... l I -------c I 
lJ-.--..--d "\=.1 \ ' I I 
-.. 
l D-- / I I~ b t::, r:; --~ ...... 
I I I I ' I 
[ ~ I I -C 
... 
! 
---=::::::::::: ll 
I 
I 
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enclosing walls, the frame is subj~cted to higher loadings than 
ex,ample A. 
4~o.4 Shelter Considerations 
The exterior walT, the office partitions and the two 
corridor walls offer several mass barriers for radiation 
~ttenuation. 
The ramped floor of less than 5% is not excessive for 
emergency living conditions. 
The toilet facilities of the buildi ng are convenient 
to the sheltered area . 
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4-6 Abov~Ground Type 
(Example E). 
4-6.1 Architectural Description 
The above ground garage type illustrated shows a 
garage structure located among new apartment buildings in an 
urban renewal project . It is assumed that the water level of 
th~ ground is high and above ground construction is necessary 
The solution frees the area used Qy the garage so that the land 
is available for playgrounds and green space for the residents 
of the area. The earth ramparts and lands c aping also thoroughly 
hide the unpleasant view of the parking . The garage is accessible 
to the ground floor of the apartment buildings by means of 
covered connecting links. 
It is assumed that the residents park their own vehicles. 
Toilet facilities are provided in th~ garage· structure as a con-
venience to the people in the park above . 
A reinforced concrete flat slab is used on a structural 
bay size 25' x 28'. Baffle walls at the entrance are concrete 
bearing walls. 
4-6.2 Mechanical System 
As a completely enclosed structure , forced mechanical 
ventilation is used throughout the entire structure. No heating 
is provided except in the toilet faciliti~s . 
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As in example B fresh air fi~ters are located in low 
penthouses in the parks above . 
A sprinkler system may not be available but the 
occupants will have access to the water system of the adjoinin~ 
building. 
4-6.3 Thermal and Blast Resistance 
As a partially buried structure, ·the effects of thermal 
radiation will be negligible on the structure, vehicles or 
personnel. In order to achieve blast protection for occupants 
blast doors must be installed at the vehicle and pedestrian 
entrances and the ventilation openings . Vulnerability to blast 
pressures can pe reduced on the large doors by designing the 
automobile approaches with right ~ngle~ bends . 
4-6.4 Shelter Considerations 
The cars within the garage can be easily moved outside 
the structure since no ramps are involved and the road· approaches 
and grounds provide adequate space for storing the vehicles ~~th­
out using any street parking. The dirt fill above the shelter 
and banked agafnst the · walls provides excellent mass shi,eldiri,g. 
Under emergency condi tions, baffle walls' are provided at th~ · 
entrance to limit radiation penetration into the shelte!. Away 
from direct contribution through th~ entrances and assuming 
no contamination from drifting, th~ protection factors are in 
excess of 5000. As radiation intensities decrease the occupants 
4-12 
can move into areas of th~ adjoining apartment building which 
provides some protection . 
4-13 
4-7 Residential Type 
(Example F) 
4-7.1 Architectural Description 
In the fringe areas of large cities , enclosed parking 
facilities of the many new low rise apartment buildings offer a 
good possible shelter location . In the scheme illustrated here, 
the garage is in a half basement beneath the dwelling units. 
Parking space for five cars is provided for six units . 
The remaining basement area is used for storage, mechani-
cal equipment, and laundry facilities . 
A reinforced concrete slab supported on masonry bearing 
walls forms the structural system and defines the shelter in 
the basement area. 
4-7.2 Mechanical System 
The garage area is unheated. The heating and air condi-
tioning units for the apartments a~e within the shelter area and 
can be used in emergency conditions . 
As conventionally designed, the mechanical system would 
probably limit the capacity of the shelter . Improvements for the 
shelter would include installations of a generator as well as 
fans and filters . 
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4-7.3 Thermal and Blast Resistance 
Direct effects of thermal radiation will be negligible. 
Blast resistance is minimal. 
4-7.4 Shelter Considerations 
A radiation barrier to ground contribution is provided 
by the planting area. The structure itself limits the over-
head contribution. No permanent mass barrier is located at the 
vehicle entrance doors, however , the plane of contaminati6n is 
limited to the driveway area. This area may be covered with 
vinyl or canvas on a trellis arrangement to prevent an excessive 
accumulation of :fallout debri·s :. Alternatively the drive may be 
decontaminated or by using solid concrete blocks stored on the 
site, a temporary mass barrier may be erected in the openings 
by th~ shelterees. The protection factor in the laundry-storage 
area is above 200 without any improvements to the openings. If 
the temporary wall is erected the protection factor in the garage 
can be raised from 25 to 100. 
Approximately one-hundred and fifty people can be 
sheltered in each basement area assigned to six apartments. The 
shelter can thus be used by the surrounding neighborhood as well 
as the occupants of the apartment units. 
4-15 
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